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CHAPTER 1 
INTRODUCTION 

1.1. GENERAL INTRODUCTION AND AIM OF THE STUDY 
Patients with obstructive lung disease are divided into two subgroups: 
bronchial asthma and chronic obstructive pulmonary disease (COPD) . Their 
common functional characteristic is an expiratory airflow limitation. If 
the airflow obstruction is completely reversible, spontaneously or through 
therapy, the illness is defined as bronchial asthma (American Thoracic So-
ciety 1987). In COPD the airflow limitation shows only a partial reversi-
bility of the airway obstruction, even in spite of continuous medication 
(American Thoracic Society 1987). COPD may be present in patients with 
chronic bronchitis and is a feature of patients suffering from pulmonary 
emphysema. Patients with an obstructive lung disease can show symptoms and 
signs of bronchial asthma as well as COPD in the course of their lives. 
Orie hypothesized that asthma and COPD share the same basic pathophysiolo-
gical mechanism, so they belong together as different manifestations of the 
same syndrome. They proposed the collective term "chronic non-specific lung 
disease (CNSLD)" (Orie et al. 1961). Nowadays it is usual to split CNSLD in 
asthma and COPD, particularly in studies on pathophysiological processes, 
but in research on epidemiological aspects or effects of long-term treat-
ment it is still usual to take patients with CNSLD together. In the latter 
situation patients are further characterized by indices such as pulmonary 
function, reversibility of the obstruction and bronchial hyperresponsive-
ness. 
Pathophysiologically, the limitation of airflow in asthma is caused by a 
widespread narrowing of the airways due to an Increase In intraluminal mu-
cus secretion, bronchial smooth muscle spasm, microvascular leakage leading 
to oedema and cellular infiltration in the wall of the airways (Clark and 
Godfrey 1983). Besides these changes other irreversible alterations will be 
present In COPD, such as hypertrophy of submucosal glands and fibrosis in 
the wall of bronchi or loss of elasticity of the alveolar tissue surround-
ing the peripheral airways. 
In recent years pulmonary rehabilitation programmes have been used more and 
more as a therapeutic tool in treating patients with an obstructive lung 
disease. 
In 1974 a committee of the American College of Chest Physicians deve-
loped a separate definition of pulmonary rehabilitation, which Is as fol-
lows: "Pulmonary rehabilitation may be defined as an art of medical prac-
tice in which an individually tailored, multidisciplinary program is formu-
lated which through accurate diagnosis, therapy, emotional support, and 
education, stabilizes or reverses both the physio- and psychopathology of 
pulmonary diseases and attempts to return the patient to the highest pos-
sible functional capacity allowed by his pulmonary handicap and overall 
life situation". This definition has subsequently been accepted and endor-
sed by the American Thoracic Society in its 1981 official statement on pul-
monary rehabilitation (Hodgkin 1981). 
When reviewing the literature, it appears that most rehabilitation 
studies report about small groups of patients treated, and the impairment 
of pulmonary function in terms of alveolar hypoventilation and/or diffusion 
disorder in combination with flaccid lungs or not, is not investigated or 
described. The follow-up period Is short and mostly there is no control 
group (for references, see Chapter 2). Another problem in rehabilitation 
studies is the fact that the exact intensity of the training programme and 
the duration of the exercise loads are not described or assessed. For these 
reasons it is very difficult or almost impossible to compare the effects of 
the various studies. 
Therefore we decided to investigate the short- and long-term effects of 
our specific pulmonary rehabilitation programme, or more correctly rehabi-
litation programme for pulmonary patients, in patients with a mild to mode-
rate obstructive lung disease with no signs of diffusion disorder, alveolar 
hypoventilation or emphysema. 
Since 1970 the Department of Pulmonary Rehabilitation has formed part of 
the Department of Pulmonary Diseases/Medical Centre Dekkerswald. Patients 
with asthma and/or COPD can participate in the rehabilitation programme. 
This study concerns the effects of the rehabilitation programme on patients 
with obstructive lung diseases admitted for participation, in comparison 
with a control group. 
Furthermore, the programme was analyzed by assessing the exact training 
time and intensity by continuous heart rate registration and time analy-
sis. 
To assess the physical performance, maximal exercise tests were per-
formed during which arterial blood gases and serum-lactate levels were 
measured. 
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As sampling of blood during exercise testing Is invasive, rather patient-
unfriendly and time-consuming, we examined the possibility of determing the 
anaerobic threshold as a standard for physical condition, by ventilatory 
parameters instead of using lactate concentrations. 
The following specific questions were studied: 
1. In relation to the rehabilitation: 
a) What is the duration and what is the intensity of the training within 
the rehabilitation programme? 
b) What are the short- and long-term effects of rehabilitation in pa-
tients on symptoms, pulmonary function, physical condition and psycho-
logical functioning? 
c) Does the rehabilitation programme cause changes in daily activities 
and the way of life? 
d) Does the rehabilitation programme induce changes in consumption of 
medical care? 
2. In relation to the testing: 
a) What is the reproducibility of bicycle ergometer testing in patients 
with an obstructive lung disease? 
b) Is it possible to determine the anaerobic threshold in a non-invasive 
way? 
c) Is it possible to Investigate psychological changes by the psycholo-
gical questionnaire used? 
In Chapter 2 a general introduction is given on exercise, training and 
risks in patients with chronic obstructive pulmonary diseases. Besides 
COPD patients, asthmatics also participated in this study. With regard to 
exercise and training, asthmatics can generally be trained without risk, 
but they can have transient problems caused by periods of airflow limita-
tion such as exercise-induced bronchoconstriction (Chapter 2.3). Moreover, 
like COPD patients, asthmatics can also have a limited physical condition. 
Chapter 3 gives a description of how the subjects and controls were se-
lected for the study. 
In Chapter 4 methods of measurement and data processing will be discus-
sed. The reproducibility of the bicycle ergoraeter test, the determination 
of the anaerobic threshold (AT) with Base Excess or respiratory exchange 
ratio and the reliability and validity of a medicopsychological question-
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nalre for lung patients will be described. 
The last mentioned issues were so important for the study that they were 
investigated separately; they will be presented in article form in Chapter 
4. 
In Chapter 5 the weekly rehabilitation programme is described and the 
results are given of the study on the intensity of the training stimulus of 
the programme. 
Chapter 6 describes the study of the changes after rehabilitation in 
comparison with the control group. Symptoms, lung function indices, physi­
cal performance, psychological and social parameters, consumption of medi­
cal care, use of pulmonary medication and smoking habits will be presented. 
In Chapter 7 the relationship between the issues mentioned above will be 
discussed. 
Chapter 8 comprises the summary and the conclusions. 
1.2. LIST OF ABBREVIATIONS 
A Alveolar 
a arterial 
AT Anaerobic threshold 
ANOVA Analysis of variance 
BE Base Excess (mmol/L) 
COPD Chronic obstructive pulmonary disease 
$ Change 
E Expired 
E.I.B. Exercise-induced bronchoconstriction 
f frequency 
FEVj Forced expiratory volume in 1 second (L) 
Fig. Figure 
HR Heart Rate (beats/minute) 
I Inspired 
max maximal 
MMV Maximum respiratory minute volume (L/minute) 
MVV Maximal voluntary ventilation (L) 
MPQL Medico-psychological questionnaire for lung patients 
η number 
Ρ Pressure 
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PCog histamine Dose of histamine that provokes a 20% decrease in 
initial FEVj value (mg/ml) 
PEFR Peak expiratory flow rate (L/minute) 
X pred. Percentage of predicted value 
Q.I. Quetelet index - body mass index (kg/m ) 
R Gas exchange ratio 
R Percentage of explaining variance/100 
RF Respiratory frequency 
rpm revolutions per minute 
SD Standard deviation 
SEM Standard error of the mean 
Τ Tidal 
V Gas volume (L) 
V Volume of gas per unit of time (L/minute) 
VC Vital capacity (L) 
W Power (Watt) 
^8"4 0 Wattage at the arterial lactate concentration 
level of 4.0 mmol/h 
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2.1. SUMMARY 
Exercise protocols and training are used more and more in diagnostic proce-
dures and as tools in improving physical, social and psychological func-
tioning in chronic obstructive pulmonary disease patients. 
Before starting a training programme in chronic obstructive pulmonary 
disease patients, one should exclude ventilatory-limlted patients from the 
group. A maximal ergometer test with arterial blood sampling or pulse oxi-
metry should be performed. 
In mild forms of chronic obstructive pulmonary disease with no ventila-
tory insufficiency demonstrable by means of exercise testing, the patient 
can be trained with no restrictions. Endurance training is permitted. It 
should be noted that it is possible to train the muscular and cardiovascu-
lar system up to a new, possible ventilatory maximum. 
In severe chronic obstructive pulmonary disease, endurance training is 
accompanied by hypoxia, with an associated risk of rhythm disturbances and 
right heart failure. Training with supplemental oxygen can reduce this 
risk, but should be done only under close medical supervision. 
In very severe chronic obstructive pulmonary disease, when endurance 
training is only marginally possible even with supplemental oxygen, sup-
pleness, coordination and relaxation exercises should be emphasised in re-
habilitation programmes. Postural exercises and breathing control exercises 
can also give great subjective Improvements in this often very disabled 
group of patients. Furthermore, they can reduce fear and panic when dys-
pnoea occurs. 
Training of the respiratory muscles in patients with chronic obstructive 
pulmonary disease must be regarded as an experimental therapy. The clinical 
importance remains uncertain. 
Exercise-induced bronchoconstriction should not limit exercises or 
training, provided it Is treated correctly. 
2.2. INTRODUCTION 
Until 1960 it was considered that effort should be avoided as much as pos-
sible in patients with chronic obstructive pulmonary disease. Chronic ob-
structive pulmonary disease was an illness, and illness goes together with 
rest! An example is the adverse reaction (Hughes and Davidson 1983) to an 
observation made by Barach et al. (1952) about lung rehabilitation: "the 
progressive Improvement in the ability to walk without dyspnoea suggested 
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that a physiologic response similar to a training program in athletes may 
have been produced." 
After 1960 a slow, but sure, shift occurred in this opinion. More and 
more reports appeared on the positive effects of training in patients with 
chronic obstructive pulmonary disease (Pierce et al. 1964). The result is 
that the performance of exercise investigations in chronic obstructive pul-
monary disease patients, and prescribing training, is now a very common 
procedure. Exercise investigations can be used to diagnose certain pulmo-
nary limitations, and also to measure differences in stamina after the 
training programmes. In this way it is possible to perform investigations 
of the physical changes in chronic obstructive pulmonary disease patients 
which may result from training, e.g. increase in endurance. 
In considering the problems of chronic obstructive pulmonary disease 
patients participating in sports, it is important to discuss the following 
items: exercise-induced bronchoconstrictlon, the effects of rehabilitation 
training programmes, and indications and contraindications for sporting 
activities. For a meaningful discussion, some aspects of the chronic ob-
structive pulmonary disease syndrome should be considered first. 
2.3. CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
Chronic obstructive pulmonary disease is defined as a disease with chronic 
airflow obstruction despite continuous medication (American Thoracic So-
ciety 1987). It is present in patients with chronic bronchitis and pulmo-
nary emphysema. These patients show symptoms of dyspnoea of effort and/or 
chronic or recurrent cough, sometimes with expectorations. The airflow li-
mitation is caused by a widespread narrowing of the bronchial lumen due to 
changes such as bronchial smooth muscle spasm, inflammation and oedema of 
the wall and increased secretions of submucosal glands. In emphysema the 
diminished elasticity of the alveoli also causes airflow obstruction due 
to collapse of smaller airways during the expiration (Mead et al. 1967). 
In chronic obstructive pulmonary disease most of these changes are irre-
versible; however, some elements can fluctuate and cause a reversible ob-
structive component in addition to the Irreversible limitation in pulmonary 
function. 
Thus, complaints and pulmonary obstruction can increase, e.g. as a con-
sequence of bronchial hyperreactivity In relation to aspecific stimuli such 
as smoke inhalation, temperature changes and air pollution. Exercise can 
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also Induce a temporary deterioration via the mechanism of bronchial hyper-
reactivity. This phenomenon is known as exercise-induced bronchoconstric-
tion and is discussed in detail in 2.5. 
2.4. EXERCISE INVESTIGATIONS IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
2.4.1. Methods 
In Europe standardized bicycle ergometer tests are normally used for the 
diagnosis of chronic obstructive pulmonary disease. In the United States, 
however, there is greater experience with treadmill ergometers (Wasserman 
et al. 1987). The bicycle ergometer is less frightening to some patients, 
less noisy and cheaper. The greatest disadvantage of the treadmill is the 
difficulty in quantifying the external work: the bicycle ergometer is more 
accurate in this regard. Electrically braked bicycles even maintain a given 
work rate despite small fluctuations in pedalling frequency (Wasserman et 
al. 1987). 
In selective diagnosis of the presence of exercise-induced bronchocon-
striction, the treadmill is more frequently used, although bicycle ergome-
ters can also be used successfully (Wasserman et al. 1987). 
When patients are undergoing the physical exercise of a bicycle ergome-
ter test in our laboratory, we prefer them to sit in a chair set up behind 
the bicycle ergometer, so they do not have to hold the handlebar. In this 
way the patient sits quietly and comfortably, and is less anxious, which 
makes it easier to carry out the tests (e.g. blood pressure measurements, 
cardiac monitoring, continuous arterial blood gas sampling and $02 determi-
nation). In the event of possible crises the risk of serious injury due to 
a fall is reduced, and any necessary help can be given quickly and more 
easily (Hansen 1984). 
In bicycle ergometer tests the load is increased every minute by 5, 10 
or 20 Watts, depending on the severity of the chronic obstructive pulmonary 
disease. Tests with an incremental workload part of the protocol taking 6 
to 12 minutes give the highest VO^max in healthy subjects (Buchfuhrer et 
al. 1983). 
There is some difference in efficiency and reproducibility between seve-
ral test methods. The interindividual mechanical efficiency shows a 4 to 5% 
variation in bicycle ergometer testing, a 7% variation in stepping and a 
10% variation in walking on a treadmill (Shephard 1978). In comparison, the 
mechanical efficiency of swimming, for instance, can show a variation of up 
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to 400% by learning a good swimming technique (Karpovich and Pesherov 
1939), so this is more a measure of the swimming technique than of the ma-
ximal oxygen consumption (V02max). In healthy volunteers the reproducibi-
lity of the V02max during incremental workload bicycle ergometer testing is 
+ 3% (Xstrand and Rodahl 1977). This is comparable to the value measured in 
chronic obstructive pulmonary disease patients (Brown et al. 1985). Learn-
ing effects are rarely observed in well-motivated experimental subjects. 
Clearly, each investigation must be carried out according to a standard 
protocol. The temperature, humidity, nourishment and activity on the day of 
the investigation as well as the whole experimental set-up (eg. chair to 
pedal distance, etc) must be kept constant for each subject in order to be 
able to make inter- or intraindividual comparisons. In view of circadian 
variations in bronchial hyperreactivity it is also necessary to hold the 
investigation at about the same time of day at each check-up. 
It should be taken into account that on average the VOnmax Is 7 to 8% 
lower in bicycle ergometer testing than that achieved during treadmill 
exercise (Boileau et al. 1977; Saltin and Ästrand 1967). A possible disad-
vantage of bicycle ergometry is that the greatest effort is supplied by 1 
muscle group, the m.quadriceps femoris. More strenuous exercise can be 
accompanied by perfusion problems in the contracting muscle, which can 
cause a so-called peripheral restriction of the exertion power as a result 
of muscle weakness and pain (Shephard 1984). 
The range of possible error with submaximal exercise tests is too large 
to provide more than a very crude index of aerobic fitness. Maximal tests 
are therefore indicated in chronic obstructive pulmonary disease patients 
(Jones et al. 1971; Shephard 1984). We think that submaximal tests with 
prediction procedures can only be used if applied to well-trained indivi-
duals. In such cases they provide a simple index of week-to-week variations 
of aerobic power. 
Before starting a pulmonary rehabilitation programme, it is advisable to 
perform a maximal exercise test (or symptom-limited maximal test). In iden-
tifying risk groups, an ergometer test with arterial blood samples or pulse 
oximetry is necessary. It is our experience that In a number of chronic ob-
structive pulmonary disease patients there is no hypoxaemla at the moment 
they stop exercising, indicating that there is no diffusion disorder or al-
veolar hypoventilation in that patient at the level he/she stopped. Train-
ing of the cardiovascular and muscular system is then (at least partly) 
possible in these patients. 
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It Is not possible to relate a patient's report of dyspnoea in exertion 
to their physiological performance during exercise, because dyspnoea is too 
much a subjective sensation. However, if hypoxaemla is documented during 
the test, training of the cardiovascular and muscular system is not pos-
sible. Supplemental oxygen can be of help to avoid the risks of hypoxaemla 
(see 2.6). In distinguishing ventilatorily restricted patients from the 
chronic obstructive pulmonary disease spectrum, submaximal tests are more 
difficult to interpret. It is for this reason that we prefer to use maxi-
mal (or symptom-limited maximal) tests before starting a rehabilitation 
programme. 
It is erroneous to think that ventilatorily restricted chronic obstruc-
tive pulmonary disease patients (by maximal procedures) should be fully ex-
cluded from rehabilitation programmes. For this large group of patients a 
programme can be designed in which coordination, suppleness, muscle force, 
breathing and relaxation exercises dominate. 
After the initial tests, it is possible to train some subjects up to a 
safe load. This load, which keeps arterial blood gases within the normal 
range, can be determined by the initial test. Because there can be day-to-
day variations in pulmonary function in chronic obstructive pulmonary dis-
ease patients, it is advisable to train 10 to 20 W under the safe load. 
In our clinic this category of chronic obstructive pulmonary disease pa-
tients train at the safe load in interval form. Exercise is given in five 
2-minute bouts with 2 minutes rest between, so the total duration is 20 mi-
nutes. 
Further, with frequent measurements of expiratory peak flow rate, it is 
possible to predict temporary deterioration in pulmonary function, e.g. 
during pulmonary infections; if these occur one should be careful with en-
durance training because normally "safe" workloads can induce hypoxaemla 
during a period with more impaired lung function. 
2.4.2. Diagnostic procedures 
The ventilatory system has a large overcapacity in healthy persons (Wasser-
man et al. 1987) and an abnormality may remain concealed for a long period 
of time, especially If the subject leads a sedentary life and does not de-
mand too great an effort of his body. If an abnormality is suspected it can 
be brought to light during exercise and treated adequately if necessary. 
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Exercise investigations are becoming more popular in the pulmonary 
field if, for example, one wishes to determine whether the subject has a 
diffusion disturbance or ventilatory insufficiency. A decrease in PaOj with 
a stable or decreasing PaCC^ during increasing exercise is indicative of 
diffusion disorder, while an increase in the PaCOo during exercise is indi­
cative of ventilatory insufficiency. Exercise investigations can also cla­
rify whether the sensation of dyspnoea has a cardiac or respiratory origin 
or is caused by exercise phobia or unfitness (Wasserman and Whipp 1975; 
Table 2.1). 
Table 2.1. Discriminating measurements during exercise. 
Parameter 
measured 
MVV* 
Pa0 2 
PaC02 
H R
max** 
Diffusion 
disorder 
almost 
reached 
decreasing 
stable 
not 
reached 
Ventilatory 
insufficiency 
reached 
decreasing 
Increasing 
not 
reached 
Exercise 
phobia 
not 
reached 
stable 
stable 
not 
reached 
Unfitness 
not 
reached 
stable 
stable 
reached at 
low load 
Cardiac 
disease 
not 
reached 
stable 
stable 
reached at 
low load 
* MVV = Maximal Voluntary Ventilation; ** HR = Maximum Heart Rate 
In disability examinations (e.g. for social insurance, etc), maximal 
exercise tests are being used more and more. Often an estimation is requi­
red of the impairment of a chronic obstructive pulmonary disease patient 
for a specific task, in which case the VC^max of that patient is a guide­
line. It is generally accepted that one can perform tasks which do not ex­
ceed 40% of Фс^тах (Americal Thoracic Society 1982). For shorter periods 
of time 50% of $02max is accepted. 
2.5. Exercise-Induced bronchoconstrlctlon 
Exercise investigations are also indicated in patients with a suspected in­
crease in bronchial obstruction as a result of exercise. The most potent 
stimulus for the provocation of exercise-induced bronchoconstrlctlon is a 
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6- to 8-niinute run on the treadmill with a pulse rate of about 90% of the 
age-related maximum (Godfrey 1978). A sudden decrease of 15% or more of the 
FEV, (forced expiratory volume in 1 second) 6 to 8 minutes after exercise 
is characteristic of exercise-induced bronchoconstriction (fig. 2.1). This 
decrease can be overcome in almost 100% of the cases by using inhaled medi-
cations (e.g. salbutamol [albuterol], terbutaline, fenoterol) which must be 
taken a few minutes to 40 minutes before exercise (1 or 2 inhalation do-
ses) . 
Inhaled S2-sympathomimetics have the largest protection-index against 
exercise-induced bronchoconstriction (Sly 1984). This index is defined as: 
(AFEV1 placebo - AFEV1 medication) 1 0 0 ^ 
AFEV1 placebo 
Figure 2.1. Typical response of the Peak Expiratory Flow Rate (PEFR) to 
exercise in a patient with exercise-induced bronchoconstriction 
(o) and a normal subject (·). 
The protection-index of inhaled ß2-symPathomimet*-cs ^s almost 100% and 
lasts for 4 to 6 hours. Sodium cromoglycate (cromolyn sodium) gives pro-
tection in about 70% of cases (König 1984). In very serious cases of exer-
cise-induced bronchoconstriction it may be worthwhile to consider adding an 
inhalation corticosteroid to the medication (Henriksen 1985). 
In contrast to inhaled Sn-sympathomimetlcs and sodium cromoglycate, in-
halation of corticosteroids only prevents exercise-induced bronchoconstric-
tion when given for a longer period; when given acutely it does not give 
any protection. 
It is known that exercise-induced bronchoconstriction is not a separate 
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form of asthma but an expression of aspecific hyperreactivity of the bron-
chial tree (Neljens et al. 1981). Cooling or drying of the bronchial mucosa 
Is an important stimulus in the provocation of bronchial spasm. 
Currently, the hypothesis that best explains the experimental data in-
cludes vagal reflex bronchoconstriction and pulmonary mast cell mediator 
release. Airway cooling or drying may stimulate bronchial irritant recep-
tors and lead to bronchoconstriction through vagal efferents (Godfrey and 
König 1976). Furthermore the release of mast cell mediators during exercise 
may induce bronchoconstriction. Plasma concentrations of mast cell-associa-
ted mediators, such as histamine and neutrophil chemotactic factor, in-
crease during exercise-induced bronchoconstriction (Lee et al. 1982). 
A third mechanism may also play a role. Water loss from mucus could 
raise osmolality, and hyperosmolar release of mediators from basophils and 
mast cells has been described (Findlay et al. 1981). 
Exercise-induced bronchoconstriction is followed by a refractory period 
of 0.5 to 2 hours (Edmunds et al. 1978). The mechanism of this phenomenon 
has not been elucidated. Desensitization of airway smooth muscle to mast 
cell mediators may play a role (Eggleston 1986). Depletion of mast cell me-
diators during the first attack could also be Involved. A recent study 
pointed out that there was no significant association between plasma cate-
cholamines and the refractory period (Dosani et al. 1987). 
Having exercise-induced bronchoconstriction generally does not limit a 
person's capabilities to carry out heavy tasks with regard to work or 
sport, if good prophylactic medication is prescribed (Verma and Hyde 
1976). 
For the small group of patients with a low protection-index it is im-
portant to take environmental conditions into consideration (e.g. humidity 
and temperature) when giving advice about exercise (Inbar et al. 1980). The 
type of exercise (e.g. running, cycling, walking, swimming) is not of im-
portance. When ventilation is identical from one type of exercise to an-
other, no difference in exercise-induced bronchoconstriction is found (Bun-
gaard 1985). Further, the so-called "run-through" phenomenon is important 
in endurance sports (e.g. long distance running or cycling). Since the re-
spiratory minute ventilation is lower in these sports there is a smaller 
decrease in temperature of the bronchial mucosa. This is the reason why it 
is possible to run through an attack of exercise-induced bronchoconstric-
tion (Bar-0r 1984). A bronchodilatory effect resulting from the exercise 
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(which might also occur In chronic obstructive pulmonary disease patients) 
may play an accompanying role here (Gelg et al. 1985). 
In view of the "run-through" phenomenon long slow distance training may 
be recommended to chronic obstructive pulmonary disease patients. 
Breathing through the nose reduces the cooling effect in the bronchial 
passages compared to breathing through the mouth (McFadden 1984). In chro­
nic obstructive pulmonary disease patients nasal breathing can be applied 
only to a limited extent during exercise. 
2.6. TRAINING OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE PATIENTS 
2.6.1. Why Is training necessary? 
It is generally accepted that physical exercise is very important in chro­
nic obstructive pulmonary disease patients. This is not only necessary for 
the prevention of social isolation, but also especially for maintaining or 
achieving the best possible physical condition. Both these factors are very 
important for a proper functioning in society. 
Anxiety + Ignorance 
Caution + Disregard 
I 
Social > Inactivity > Muscle force 
Isolation and endurance ^ 
Powers of coordination^ 
Suppleness ί 
I 
Self-esteem ^ Poor achievements 
Frustration f + complaints 
*^ Exertion phobia J if 
•χ Consumption of medical care f 
Figure 2.2. Mechanisms leading to low fitness In chronic obstructive lung 
disease patients (vicious circle). 
Anxiety and ignorance can worsen the degree of overall disability. This 
leads to inactivity which causes loss of coordination, suppleness and exer­
cise endurance. When "something must be done", the chronic obstructive pul­
monary disease patient complains of poor achievements and muscle pain. This 
leads to an exertion phobia and further inactivity. There is an increase in 
frustration and a decrease in self-esteem. Social isolation is threatening 
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the patient. As a consequence the consumption of medical provisions (eg. 
consulting specialists, use of medication, and the number of days in hos-
pital) usually increase markedly (fig. 2.2). 
2.6.1.1. Preliminary considerations in training 
During exercise the respiratory minute volume increases in order to ensure 
an adequate supply of oxygen to the active muscle group. It is evident that 
any substantial restriction of ventilation has its consequences in terms of 
exercise tolerance, shortness of breath and rapid fatigue. Optimising the 
lung function, not only by appropriate medication but also by advice con-
cerning unfavourable factors such as contacts with allergens, smoking, 
working conditions and serious air pollution is crucial in these patients. 
2.6.1.2. Intensity and duration of exercise 
In mild forms of chronic obstructive pulmonary disease with no ventilato-
ry insufficiency demonstrable by means of maximal exercise testing, the pa-
tient can and may take part in rehabilitation programmes, including endu-
rance training (table 2.II). It is possible to train the muscular and car-
diovascular system up to a new (possible ventilatory) maximum. There is no 
limitation in training intensity and/or duration in this group of chronic 
obstructive pulmonary disease patients, as long as the ventilatory system 
is sufficient to maintain PaOn and PaCO, values during exercise. Table 2.II 
shows an example of a pulmonary rehabilitation programme used in our cli-
nic. Depending on the severity of the chronic obstructive pulmonary dis-
ease, age, mental and physical condition, they follow as much of the whole 
programme as possible. The total duration of the programme varies from 4 to 
12 weeks. In general it is advisable to start slowly and to extend the pro-
gramme gradually to prevent muscle pain. It is psychologically beneficial 
for the patient when the programme can be extended. 
Exercise-induced bronchoconstriction is not a contraindication to pulmo-
nary rehabilitation, as it is very unlikely that pulmonary problems will 
arise provided that the correct medical treatment has been applied. 
2.6.2. High-risk patients 
There are three groups of problems in which (heavy) physical exercise can 
be a risk. These are emphysematous patients with the following afflictions 
(Gabriel 1972). 
Table 2.II. Example of a pulmonary rehabilitation programme of chronic 
obstructive pulmonary disease patients, as given in our clinic. 
Programme 
Daily circuit 
Sportsb 
Exercises 
Muscle training 
Endurance training3 
Badminton, tennis 
volleyball, etc. 
Duration 
(min) 
20 
20 
70 
Frequency 
Daily 
Daily 
Daily 
Skill and Circuit of 8 exercises 32 Once per week 
Suppleness (2 min with 2 rain rest) 
training e.g. ball exercises, 
balance beam 
Walking13 
Swimming 
Cycling 
Saunab 
5 - 7 kilometres 
Swimming and exercises 
in the water 
Cycling outdoors 
60 
+ 120 
+150 
2-3 times per week 
Twice per week 
Once per week 
Twice per week 
Individual Postural exercises, 30 Twice per week 
training relaxation exercises, 
inspiratory resistance 
training 
Coopertest or Maximal distance 6 or 12 Once per week 
McGavin test , c (walking or running) 
Information Information about: + 45 Once in 2 weeks 
- COPD 
- living attitude 
- use of pulmonary drugs 
- possible side-effects 
of drugs 
a Not given in COPD patients with a risk factor or given with a low 
intensity in interval training. 
b Also to be used as "home exercises". 
с McGavin et al. (1976) 
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2.6.2.1. High pulmonary compliance (emphysema) 
Emphysema Is defined as "a condition of the lung characterized by abnormal 
permanent enlargement of the air spaces distal to the terminal bronchioles, 
accompanied by destruction of their walls, and without obvious fibrosis" 
(American Thoracic Society 1987). The diagnosis can only be proven by pa-
thological anatomical investigation (i.e. biopsy). In clinical settings the 
diagnosis is made on a combination of factors: clinical signs, X-rays, and 
pathophysiological lung function changes. 
In patients with emphysema, hypoxaemia is often already present in exer-
cises with a low intensity (Wasserman et al. 1987). Furthermore, there is 
always the risk of hyperinflation with an increase in residual volume. Pa-
tients tend to hyperinflate their lungs during hyperpnoea. Possibly, this 
may cause an increase in loss of elasticity in the long term, e.g. after 
prolonged training. It is clear that because of these factors pulmonary em-
physema patients can be at risk in physical endurance training. Other forms 
of exercises are permitted (e.g. training of coordination, suppleness, in-
terval training with a low intensity and training of the respiratory mus-
cles (see 2.9) . 
2.6.2.2. Diffusion disordera 
In severe diffusion disorders there is a decrease in arterial oxygen ten-
sion during exercise (Wasserman et al. 1987). This can lead to the develop-
ment or worsening of pulmonary hypertension, which in turn can cause right 
heart failure. Disturbances in the heart rhythm can also arise due to hy-
poxia, which may lead to acute cardiac death. 
2.6.2.3. Pulmonary hypertension 
It is well-known that hypoxia causes an increase in pressure in the pulmo-
nary artery. This can lead to the accelerated development of right heart 
failure and possible rhythm disturbances (Matthay and Berger 1981). 
In conclusion, if any of the complications mentioned above are present it 
usually indicates that the patient has a severe limitation of pulmonary 
function. Advising the patient about physical activity should take place in 
close consultation with the lung specialist in these cases. Heavy continu-
ous activities are obviously fundamentally wrong (eg. running, bicycle rac-
ing). In identifying risk groups an ergoraeter test with arterial blood sam-
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pies or pulse oximetry is indicated. This test has to be performed before 
starting with the training programme in order to assess the workload that 
the patient can tolerate and the permitted level of exercise for training 
(see 2.4.1). 
2.6.3. The reactivation model 
It can be stated that by the initiation of pulmonary rehabilitation by 
means of offering the patient exercise training, good advice and optimal 
medication, it is endeavoured to improve the patient's physical condition, 
coordination and suppleness. This leads to better achievements and functio-
nal capacity in society, which in turn leads to a decrease in social isola-
tion and exercise phobia. The feeling of self-esteem increases and the 
feelings of frustration decrease. All this has a positive influence on the 
patient and leads to a greater participation in activities. This results in 
self-training, better coordination and a more supple physique. In this way 
the preceding situation of the vicious circle is broken. The patient will 
become fitter and will feel much better. Consumption of medical care will 
consequently decrease steadily (see fig. 2.3). 
Regular exercise 
+ 
Good advice 
+ 
Optimal medication 
Muscle force f 
and endurance 
+ 
Coordination J 
+ 
Suppleness ] 
Better achievements + 
functioning in society 
Activity | 
Î 
1 
1 
Positive^ 
rewards 
| Self-esteem | 
| Frustration | 
4 
I 
I Social Isolation } 
| Exercise phobia if 
| Consumption of \ 
I medical care 
Figure 2.3. Model of rehabilitation effects. 
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2.7. PULMONARY REHABILITATION STUDY DATA 
A difficult problem in all the studies on the effects of training in chro-
nic obstructive pulmonary disease patients is the variation in severity of 
the clinical picture of the study group. At one end of the scale we see pa-
tients who are hardly affected - showing light aspecific hyperreactivity 
with or without accompanying allergic components - who are capable of 
achieving Olympic feats (Fitch 1975). At the other end of the scale we see 
patients with serious chronic obstructive pulmonary disease - at risk when 
producing physical effort - who cannot be physically rehabilitated to any 
reasonable degree. It will be appreciated that, when the results of the 
different studies are compared, it is of vital importance to know which 
part of the patient population is being studied. Furthermore, In many 
studies on the effects of training in chronic obstructive pulmonary disease 
patients a control group is lacking (Hale et al. 1978). The absence of a 
standardized rehabilitation programme, plus the fact that in nearly every 
study a different form of training protocol is used, makes it very diffi-
cult or almost impossible to compare the effects of the various studies 
(Hughes and Davidson 1983). 
In research on pulmonary rehabilitation programmes it appears that, in 
the case of training in chronic obstructive pulmonary disease patients, 
changes may occur at 4 levels, dependent on the type of patient, the train-
ing programme, and the evaluation methods used. 
Cardiocirculatory: The pulse rate at rest and during submaximal exercise 
decreases. The maximal stroke volume increases, but the maximal pulse rate 
remains constant. The oxygen transport capacity of the circulatory system 
increases as a result of the training (Chester et al. 1977). Training does 
not have any influence on blood pressure in rest (Astrand and Rodahl 1988). 
Pulmonary: The maximum respiratory minute volume (MMV) increases due to 
the training. Further, the inspiratory 1-second value (FIVi) increases. The 
expiratory 1-second value (FEV^) does not improve by training (Alpert et 
al. 1974). 
Muscle level: There are indications of an increase in the power and sta-
mina of trained muscles. The respiratory muscles also become stronger and 
their stamina increases by training (Belman and MIttman 1980; Chen et al. 
1985; Leith and Bradley 1976; Pardy et al. 1981). 
The number of capillaries and mitochondria in the muscles increase. 
Shifts occur in the enzyme systems to enhance aerobic energy production. 
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This results In the anaerobic threshold shifting, with aerobic energy still 
being produced at higher levels of exercise training. 
Psychological: Exercise phobia decreases as a result of the improvement 
in the physical condition, the coordination and the suppleness. This leads 
to an increase in the feeling of self-esteem and a decrease in the feelings 
of frustration (Hughes and Jones 1980). Consequently, the patient is able 
to function better physically, psychologically and socially (see fig. 
2.3). 
2.8. TRAINING OF THE RESPIRATORY MUSCLES 
In healthy subjects the ventilatory system is never a limiting factor dur-
ing maximal exercise performance (Wasserman et al. 1987). The opposite is 
true in the case of severe chronic obstructive pulmonary disease patients. 
The appearance of fatigue of the respiratory muscles eventually leads to 
ventilatory insufficiency and arterial hypoxia (Bye et al. 1983). The re-
spiratory muscles in healthy subjects at rest consume about 1% of the total 
body's oxygen uptake. During maximal exercise this value can rise to 10%, 
and in chronic obstructive pulmonary disease patients it can even rise to 
40% (Bye et al. 1983). 
Some studies show that the force and stamina of the respiratory muscles 
can increase (Belman and Mittman 1980; Leith and Bradley 1976), by specific 
training of the respiratory muscles and that this is accompanied by impro-
ved physical achievements during bicycle and treadmill investigations (Bel-
man and Mittman 1980). Other studies make the restriction that this only 
applies to patients who show signs of fatigue of the respiratory muscles on 
the electromyelograph (Pardy et al. 1981), and some have concluded that al-
though it is possible to achieve an improvement in the physical condition 
of the respiratory muscles, the lung function remains the same and no im-
provement is observed during exercise investigations (Chen et al. 1985). 
The best ways to train the respiratory muscles are to inhale through re-
sistance (inspiratory resistance training) for 15 to 30 minutes per day, or 
via a sustained voluntary hyperpnoea (Belman and Siech 1982). These forms 
of training increase the muscle force. As a result of the increase in the 
number of capillaries and mitochondria and in the oxidation enzyme capacity 
the anaerobic stamina of the respiratory muscles increases (Roussos and 
Macklem 1982). 
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It should be noted that the patients can alter the resistance through 
which they breathe by modifying their pattern of breathing. This may pre-
vent a training effect occurring. 
Whether or not the stamina of the respiratory muscles increases by 
training that is not specifically aimed at the respiratory muscles depends 
on the intensity of the training given, and the burden on the ventilatory 
system. If the level of exercise is too low, no improvement will be achie-
ved (Belman and Kendregan 1982). 
Furthermore, respiratory muscle training can be potentially dangerous, 
when exacerbations of chronic obstructive pulmonary disease occur. Then it 
may produce hypercapnia (Jederlinic et al. 1986). Regular supervision and 
instruction are required. Finally, the clinical importance of respiratory 
muscle training for chronic obstructive pulmonary disease patients remains 
very confused. At this stage it must be regarded as an experimental the-
rapy. 
2.9. TRAINING OF SEVERE COPD PATIENTS 
As discussed in section 2.6.2 there are three groups of chronic obstructive 
pulmonary disease patients who run a risk during heavy physical exercise 
(pulmonary emphysema, severe diffusion disorders, and pulmonary hyperten-
sion) . 
In our opinion it would be a big mistake to advise these patients not to 
participate In exercise programmes. Suppleness and coordination exercises 
in particular, can be of great help in this group of patients who are very 
often disabled. 
Furthermore, relaxation and endurance training exercises of (respirato-
ry) muscles can give great subjective improvements. It is also possible to 
recommend postural exercises to facilitate breathing manoeuvres. Breathing 
control exercises should be included in every exercise programme. Patients 
should be taught to expire slowly and decrease breathing frequency. When 
dyspnoea occurs, this sort of exercises can be particularly useful, also in 
reducing fear and panic (Menkes and Britt 1979). 
Interval training for 20 minutes (2-minute bouts of exercise and 2-mi-
nute rest periods) with a low intensity (we prefer ^ 30% VOoioax of the le-
vel at which hypoxia occurs during an Initial maximal ergometer test) can 
also be used. 
Training with supplemental oxygen makes it possible to reach higher le-
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veis of training, tolerance increasing as a result of a decrease in the 
necessary ventilatory work. The respiratory minute volume for a certain 
level of training decreases, and fatigue of the respiratory muscles takes 
place later than would occur in the absence of supplemental oxygen (Bye et 
al. 1985; Stein et al. 1982). 
In this way It is possible to achieve an exercise level that produces a 
training stimulus in the patient, which would otherwise not have been 
achieved (Pierce et al. 1965). 
Impending hypoxia in a patient with diffusion disorders, and the conse-
quent risk of rhythm disturbances, right heart failure and further increa-
ses in pulmonary hypertension can be prevented. Thus, the risks of exercise 
in patients with diffusion disorders will be reduced. Additionally, pa-
tients with symptoms of angina pectoris or those with signs of coronary in-
sufficiency on the ECG can be trained with the aid of oxygen administration 
(Brundin 1975). 
It is clear that these serious chronic obstructive pulmonary disease pa-
tients must be trained under close medical supervision. In view of the 
serious risks involved, training at home with supplemental oxygen cannot be 
advised in our opinion. 
Because the benefits of training decrease very quickly after inactivity 
(Pool 1969) it appears that training with the aid of oxygen is not appro-
priate for routine use: the improvements achieved in the clinic cannot be 
maintained after discharge. Whether or not the prognosis of patients trai-
ned with oxygen is better than that of those trained without has not yet 
been sufficiently investigated. It has, however, been observed that pa-
tients who show an increase in the PaCCU and only a slight increase in the 
PaOn during exercise when breathing 100% oxygen have a poor prognosis (Ka-
wakami et al. 1982). 
2.10. TRAINING AND OTHER LUNG DISEASES 
Exercise and training studies in cystic fibrosis patients show that train-
ing appears to be accompanied by better sputum clearance (Zach et al. 1981) 
and an Improvement in the physical condition of the respiratory muscles 
(Orenstein et al. 1981). A decrease in the airway resistance also occurs 
and It seems that there Is an increase In the exercise tolerance (Zach et 
al. 1981). 
Extra caution is necessary in the case of children with cystic fibrosis 
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who become hypoxic in response to training. Here again we are concerned 
with the dangers of cardiac rhythm disturbances, ventricular hypertrophy 
and the occurrence or worsening of pulmonary hypertension. 
In order to avoid dehydration and salt depletion it is also advisable 
when the training is performed in a warm climate, to encourage the cystic 
fibrosis children to drink plenty of fluids to ensure an adequate salt in-
take (preferably 30% higher than normal) (Bar-Or 1984). 
It is not known whether exercise and training have any influence on the 
course of other lung disease such as pneumoconiosis, pleural diseases, sar-
coidosis, pulmonary fibrosis, etc. 
2.11. CONCLUSIONS 
Exercise and training are very important for the physical condition, psy-
chological and social functioning of chronic obstructive pulmonary disease 
patients. For the group of such patients who do not belong to the risk 
groups with hypoxaemia during exercise, endurance training is permitted. 
The presence of exercise-induced bronchoconstriction should not limit 
participation in everyday activities, or exercise, provided it is treated 
correctly. 
Training and stimulating chronic obstructive pulmonary disease patients 
to an active level appears to be accompanied by better prognoses (Sahn et 
al. 1980). Furthermore, the number of days of hospitalization decreases 
(Sahn et al. 1980; Wright et al. 1983). 
In our opinion, properly standardized investigations are necessary in 
future, including a control group, in order to establish the exact effect 
of training and pulmonary rehabilitation on the well-being of chronic ob-
structive pulmonary disease patients. 
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3. SUBJECTS 
3.1. SELECTION CRITERIA FOR ADMISSION TO THE REHABILITATION 
PROGRAMME 
In this study 44 patients with asthma and/or COPD participated. These pa-
tients were referred for pulmonary rehabilitation by respiratory physicians 
from elsewhere or from our own department. Indications for reference were 
various. Mostly there were many complaints in spite of the usual therapeu-
tic regimens. Medical aspects for reference were frequent exacerbations, 
Increased complaints or an unfavourable course of the disease. Often psy-
chological or social problems were present as a result of the pulmonary 
disease. Most patients demonstrated a bad physical condition as a result of 
inactivity often caused by fear of dyspnoea during exercise or by caution 
and social isolation (Chapter 2, paragraph 2.6.1). 
All patients with asthma and/or COPD, who participated in the rehabili-
tation programme from October 1983 until March 1986, were included in this 
study. Characteristics of these patients are given in Table 3.1. 
Exclusion criteria for participation in this rehabilitation programme were: 
1. Obstructive lung function disturbance with signs of alveolar hypoventi-
lation in an initial exercise test, at the start of the study. 
2. Diffusion disorders, pulmonary hypertension, emphysema or a flaccid lung 
syndrome. 
3. Orthopaedic, neurological, cardiac, peripheral vascular diseases re-
stricting the patients in following the rehabilitation programme. 
4. Pregnancy. 
In all these cases full participation in this relatively heavy exercise 
training programme (Chapter 5) was regarded as too risky and would there-
fore have been impossible. 
3.2. CONTROL PATIENTS AND SELECTION CRITERIA 
Control patients were collected from our department. For each patient who 
was admitted for pulmonary rehabilitation, a control patient was selected, 
who had to be similar for a) sex, b) age, c) pulmonary function reversibi-
lity, d) pulmonary medication, e) Quetelet index, and f) education level. 
These indices were regarded as variables which could possibly influence 
the outcome of pulmonary rehabilitation. The following measures and varia-
bility in these indices were employed. 
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Age. Up to the age of 30 the difference In age had to be less than 3 years. 
Above 30 years of age, It should be less than 5 years. 
Lung function: Reversibility In lung function. Patients were divided Into 
two subtypes, one with a low reversibility (^  15%) and another with a re­
versibility of > 15% In lung function. Reversibility was determined as: 
FEVj - FEVj 
FEV1 - FEV1 
1
 χ 100%. 
N I 
N = normal (normal values according to Quanjer et al. 1983); 
I - initial; 
A = after medication. 
Use of pulmonary medication: Patients were divided as to the level of medi­
cation: 1. one or two pulmonary drugs; 2. more than two pulmonary drugs; 3. 
continuous medication with corticosteroids. 
Quetelet Index: The difference in Quetelet Index (kg/m ), as an Index of 
overweight, had to be less than 2 points. 
Education level: Two levels in education: 1. primary education and lower 
technical and vocational training; 2. all higher school systems. 
3.3. CHARACTERISTICS OF THE REHABILITATION AND THE CONTROL PATIENTS 
Eighty-seven patients with an obstructive lung disease participated in the 
study on a voluntary basis after Informed consent. The experimental proto­
col was approved by the local Ethics Committee. Forty-four patients fol­
lowed the rehabilitation programme; the control group consisted of 43 pa­
tients. Characteristics of the rehabilitation and the control group are 
presented In Table 3.1. 
Asthma and COPD were defined according to the Standards of the American 
Thoracic Society (1987). Allergy was assessed by skin tests and/or RAST-
test. Patients with one or more positive tests were considered allergic. 
-48-
Table 3.1. Patient characteristics. 
Rehabilitation 
group (+ SD) 
Control group 
(+ SD) 
η 
males 
females 
age (yrs) 
weight (kg) 
height (cm) 
Quetelet Index (kg/m ) 
44 
29 
15 
43.2 + 13.1 
74.9 + 15.5 
172.6 + 8.5 
24.9 + 3.8 
43 
27 
16 
44.3 + 13.7 
71.4 + 10.8 
169.4 + 8.9 
24.8 + 3.1 
Diagnosis: 
- asthma 
- COPD 
- allergy 
27 
17 
19 
26 
17 
27 
Pulmonary function: 
- FEV1 pred. (L) 
- FEVj (% pred.) 
- FEV1/VC (%) 
- Reversibility > 
- Reversibility < 
15% (n) 
15% (n) 
Pulmonary medication: 
- 1 or 2 spasmolytics 
- more than 2 spasmolytics 
- continuous inhalation of 
corticosteroids 
2.30 
3.41 
68.3 
58.3 
38 
6 
34 
10 
37 
+ 0.65 
+ 0.15 
+ 20.1 
+ 13.2 
2. 
3. 
68. 
57. 
36 
7 
41 
2 
.35 
,45 
.8 
.1 
+ 
+ 
+ 
+ 
0. 
0. 
24 
13 
72 
18 
.0 
.1 
31 
Education: 
- primary education and 20 
lower technical and 
vocational training 
- higher education 24 
20 
23 
3.4. JUSTIFICATION OF THE MATCHING METHOD 
As patients were especially referred for pulmonary rehabilitation, it was 
not accepted for ethical reasons to divide these patients at random in or-
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der to form a rehabilitation group and an untreated control group. 
Although methodologically not preferable, the patients for the control 
group were selected from the outpatient clinic according to the procedure 
described before. 
The two groups of patients can be regarded as identical for general fea-
tures and for indices generally used to assess the nature and severity of 
the disease. It appeared, however, that there were differences between the 
two groups for other parameters, such as maximal exercise performance and 
psychological features. A special statistical analysis was performed to 
evaluate these aspects by forming comparable subgroups of treated and un-
treated patients, which were Identical for these qualities (see 4.2). Chan-
ges of indices in rehabilitation patients were therefore statistically com-
pared with those of the control group at corresponding measurement points. 
3.5. DROP-OÜT FROM THE STUDY 
Ten patients who participated in the rehabilitation programme in the period 
mentioned above, were not included in the study. Five patients broke off 
the rehabilitation programme, 3 because of injuries: 1 meniscus injury and 
2 muscular Injuries; 1 because of cardiac complaints and 1 because of lack 
of motivation. Further, 1 person was withdrawn because a pulmonary carcino-
ma was diagnosed. Another person appeared to have a flaccid lung. In this 
patient there was an increase in compliance of the lung during participa-
tion of the training programme, so endurance exercise was regarded as un-
favourable. Three patients dropped out of the study during the follow-up 
period because of lack of motivation. 
Only 1 patient dropped out of the control group, the reason was fear of 
examinations and a low motivation. 
3.6. REFERENCES 
American Thoracic Society. Standards for the diagnosis and care of patients 
with chronic obstructive pulmonary disease (COPD) and asthma. Am Rev Resplr 
Dis 1987; 136: 225-244. 
Quanjer Ph (ed). Standardized lung function testing. Clin Resp Physiol 
1983; 19/5: 1-95. 
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4. METHODS 
4.1. STUDY DESIGN 
The rehabilitation and control patients were investigated at 5 or 4 mea­
surement points respectively in the course of two years (Fig. 4.1). 
* * * * 
o o o o о 
0 3 6 12 24 months 
* control group 
о rehabilitation group 
Figure 4.1. Time schedule of measurement points. 
The study of the rehabilitation group started at the beginning of the par­
ticipation in the rehabilitation programme. The rehabilitation patients un­
derwent one investigation more, as they were also measured after three 
months of pulmonary rehabilitation to investigate the direct effects of the 
programme. 
At each point the following measurements were performed: 
Physical tests: 
- Anthropometric measurements. 
- Lung function tests. 
- Bicycle ergometer test. 
- Cooper test. 
- Muscle force test. 
- Skills and coordination tests. 
Questionnaires: 
- Somatic questionnaire. 
- Psychological questionnaire. 
- Social questionnaire. 
All measurements were performed on two half days, both in the same week 
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(Tuesday afternoon and Friday morning). All patients had an optimal pulmo­
nary medication and were asked to continue the use of the medication pre­
scribed during the measurements. Only S2-symPat'1omimetics were stopped at 
least 12 hours before the patients underwent a histamine provocation test. 
The patients kept the same diet and were asked to avoid heavy exercise 
on and preceding the test days. 
During the whole study the control patients got the same attention as 
the rehabilitation patients with regard to outpatient clinic visits and 
sports advice. When a control patient asked us if he could start endurance 
training, for example, we encouraged him to do so. 
Both the rehabilitation and the control group were followed for at least 
24 months. 
4.2. DATA PROCESSING AND ANALYSIS 
All data were registered in the "Nijmegen Longitudinal Data System" (NYL-
DAS). This data system made it possible to add in a simple way (new) data 
from the follow-up measurement points to the data base updated so far, and 
to perform the greater part of cleaning the data. Retrieval of data from 
the system is possible by Its three dimensional structure: the patient 
(within the group), the variable (within the chapter, i.e. the tests and 
questionnaires) and the measurement points. 
Baseline values for age, gender, pulmonary function reversibility, pul­
monary medication, Quetelet index and education level are presented in 
table 3.1. Baseline mean values + SEM for maximal bicycle performance were 
171.6 + 6.4 W in the rehabilitation group and 200.1 + 8.3 W in the control 
group (р^О.ОЗ). Concerning psychological parameters, well-being amounted to 
21.0 + 1.1 at the start of the study in the rehabilitation group, and to 
24.1 + 1.2 in the control group (p<0.05); for experienced invalidity these 
figures were 28.3 + 0.8 and 26.7 + 0.9 respectively (p<0.05). 
As often happens, a bias was introduced by leaving out a randomization 
in constructing the experimental and control group. The attempt to make 
comparable groups by means of matching on age, gender, pulmonary medica­
tion, pulmonary function reversibility, Quetelet index and education level 
turned out to be unsuccessful on some crucial tests, such as the psycholo­
gical and bicycle ergometer test, soon after the intake. It should be 
stressed that it is almost impossible to match for all these tests in ad­
vance. 
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The first step taken to tackle this problem was to distinguish the pa-
tients into two strata: more severe and less severe patients regarding the 
following important (medical) parameters: 
- use of pulmonary medication; 
- dyspnoea at rest and/or at night; 
- hospitalization days for pulmonary reasons during the preceding year; 
- FEVj/VC; 
- well-being; 
- experienced invalidity. 
A more precise construction of the two groups is presented in table 4.1. 
This resulted in a distribution of 26 more severe to 18 less severe 
patients in the rehabilitation group and of 9 more severe to 34 less severe 
patients in the control group (table 4. II). 
Dividing the groups into strata did not significantly influence age, 
weight and Quetelet index (two-way ANOVA with interaction: group and stra-
ta). 
It was not possible to explain the difference between the rehabilitation 
and the control group on the maximal workload by means of the new stratifi-
cation (two-way ANOVA with interaction). The male-female distribution over 
the rehabilitation group and the control group was also different for the 
more severe and the less severe group. 
The above results induced the following step. In the analyses of the 
differences between the rehabilitation group and the control group, not 
only for age, gender, weight and Quetelet index, but also for the maximal 
workload achieved on the bicycle ergometer test at baseline, was adjusted. 
Therefore a multivariate covariance analysis model was used to study 
the effect of the rehabilitation programme on the outcome of the tests. 
Because of the fact that it could be expected that there was an effect 
of stratification on both groups (treated and untreated), the interaction 
between stratum and group was admitted into the model. 
The following model is used for the baseline evaluation: the dependent 
variables were the test results respectively and the independent class va-
riables were the group (rehabilitation group, control group) and the stra-
tum (more severe, less severe) and the interaction between both. The Inde-
pendent co-variables were gender, age, weight, Quetelet index, and the 
maximal workload at baseline. 
For the evaluation at the measurement points after 6, 12 and 24 months 
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Table 4.1. Group division criteria for more severe and less severe pulmo­
nary disease. 
ITEMS LEVEL SCORE 
1. Use of pulmonary » 2 1 
medication * 2 0 
2. Dyspnoea at rest severe 2 
or at night moderate 1 
light 0 
3. Hospitalization days * 21 2 
for reason of dyspnoea 1-20 1 
during the preceding year 0 0 
4. FEV,/VC 0445 % 2 
46-60 % 1 
61-100% 0 
5. Well-being ί 18 1 
> 18 0 
6. Experienced ì. 30 1 
invalidity < 30 0 
Group division scores: 
more severe disease: sum score items (1-4) ì 2 and 
sum score items (5-6) » 1. 
less severe disease: else. 
Table 4.II. Distribution of more severe and less severe disease in the 
rehabilitation group and the control group. 
REHABILITATION CONTROL 
GROUP GROUP 
More severe 26 (dVj:16/10) 9 (#/$: 7/2) 
Less severe 18 (<Г/с:13/5) 34 (í/j:20/14) 
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the dependent variable was chosen as the change of the test parameter In 
comparison to baseline. The Independent variables In the multivariate cova-
rlance analysis were the same class- and co-variables as described above. 
For baseline evaluation as well as evaluation of the changes as well, 
the least-squares means for each group were assessed as explained In 
Searle et al. (1980). 
At the measurement point 3 months after the start of the study the 
paired t-test was used to Investigate the changes within the rehabilitation 
group during the rehabilitation period. 
4.3. PHYSICAL TESTS 
4.3.1. Anthropometric measurements 
The fat percentage of the body was assessed from the skinfold thickness 
measurement according to the method of Durnln and Womersley (1974). Body 
weight and length were determined in the conventional way. 
4.3.2. Lung function teats 
All patients performed lung function tests just before the bicycle ergome-
ter test. Ventilatory parameters were measured by means of a wet spirome­
ter. Residual volume (RV) was measured by means of a helium dilution method 
(Pulmonet III Sensor medics). On the day of the lung function test the pa­
tients took their normal daily medication. Spirometry was repeated 10 min­
utes after inhalation of а 0 2 ~ 8 У т Р а ^ о ш ^ т е £ 1 с drug (200 pg salbutaraci) in 
order to determine the reversibility of the obstructive limitation. 
In determining bronchial responsiveness, a histamine provocation test 
was performed according to Cockcroft et al. (1977). When initial FEV, was 
less than 50% of predicted, this test was cancelled. When cancelled, the 
test result was scored zero. A 20% decrease in the initial FEVj on physio­
logical saline inhalation scored one. Every further step (0.03 mg/kg his­
tamine, 0.06 mg/kg histamine, etc.) scored one point higher. 
4.3.3. Bicycle ergometer test 
A standardized exercise test was carried out by means of a Lode electric 
bicycle ergometer (Lode's Instruments BV, Groningen, The Netherlands). The 
patients were sitting in a chair behind the bicycle. The pedal rate used 
was 60 rpm in all tests and the distance of the chair to the bicycle was 
standardized for every subject. All the tests were performed in the after-
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noon to avoid the influence of circadian variation of bronchial responsive­
ness and pulmonary function on the maximal work output. 
All patients underwent an incremental test with a step-by-step increase 
in workload of 5 or 10 Watts (W) every 30 seconds until exhaustion was 
reached. The exercise started at 0 Watt. The patients were encouraged to 
maximal performance. Heart rate was continuously recorded by electrocardio­
graphy (Cardiorater Cardiac Recorders Ltd, London). 
Expired gas was analysed using the Oxycon IV (Mijnhardt, Odijk, The 
Netherlands) , in which the ventilation is measured by means of a dry gas 
meter producing electrical impulses for every 50 ml of expired air. O, was 
analysed with a paramagnetic Servomex analyser and COo with an infrared ab­
sorption analyser. Every 30 seconds a printout was produced of the venti­
lation per minute (^E), tidal volume (V T), respiratory frequency (RF), oxy­
gen uptake (VO,)» carbon dioxide production (VCO^). respiratory gas ex­
change ratio (R), heart rate (HR) and ventilation equivalent for oxygen 
(ν
Σ
/νο2). 
In all patients a teflon catheter was inserted in the arteria brachialls 
or radialis (20G.2, Becton, Dickinson and Company, USA). 
Before punction, a small amount of local anesthetic was injected to mi­
nimize the pain and to avoid arterial spasm. When the catheter was inserted 
in the arteria radialis the blood supply to the hand through the arteria 
ulnaris was tested (e.g. Adams' test). The line was kept open with NaCL 
0.9% and héparine. Before taking a plasma sample the first two millilitres 
of blood were discarded. Every 3 minutes and at the maximum of the test two 
blood samples were taken, one for blood gas analysis and one for lactate 
determination. Blood gas analyses were performed using a Corning 178 (Bax-
ter) . 
Lactate concentrations were determined by means of an enzymatic UV-me-
thod (Monotest , Boehringer, Mannheim, FRG). 
As described in Chapter 1, the reproducibility, reliability and validity of 
the bicycle ergometer test and the medicopsychological questionnaire for 
lung patients were of great importance for the study because of the fact 
that many data used in the analyses were obtained by these tests. There-
fore, the aspects of the tests mentioned above were separately investigated 
in an earlier stage of the study, and published or submitted for publica-
tion. The results of these studies will be presented in this chapter in the 
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original article form (see 4.3.3.1 and 4.6). The possibility to determine 
the anaerobic threshold in a non-invasive way was also investigated in an 
earlier stage of the study. The results of this investigation will also be 
presented in this chapter in article form (see 4.3.4). 
4.3.3.1. Reproducibility of incremental maximal bicycle ergometer tests 
in patients with mild to moderate obstructive lung diseases * 
Abstract 
This study was designed to examine the reproducibility and the learning 
effects of incremental maximal bicycle ergometer testing in patients with 
obstructive lung diseases who were untrained and had never done such a test 
before. 
Eleven patients were studied on 2 consecutive days with an interval of 
24 h. The reproducibility (expressed in relative duplicate error) of most 
of the parameters tested was good: workload (Watt) 4.5%, maximal oxygen 
consumption (VO^max) 3.5%, gas exchange ratio (R) 3.4%, and heart rate (HR) 
3.7%. Moderate reproducibility was found in maximal ventilation (VEmax) 
6.6%, carbon dioxide production (VCOomax) 6.0% and respiration frequency 
(RF) 8.3%. The reproducibility of the time between the start of the test 
and the minimum value of VE/VO2 and YE/VCO2 was low. 
We concluded that in these patients the results of incremental bicycle 
ergometer testing show good reproducibility in a test-retest procedure. 
There were no learning effects. 
4.3.3.1.1. Introduction 
Bicycle ergometer testing with increasing workload and measurement of maxi­
mal oxygen uptake (^O^max^ ^ 3 g e n e r ally accepted as a useful method to exa­
mine physiological work capacity ^ . 
Both in normal subjects and in patients with obstructive lung disease, 
this exercise test is frequently used to investigate physical condition and 
limitations of exercise tolerance. Furthermore, it can be used to assess 
effects of physical training. 
To detect changes in ergometrie indices in a group of pulmonary pa-
* N.J.M. Cox, J.C.M. Hendriks, R.A. Binkhorst, H.Th.M. Folgering, CL.Α. 
van Herwaarden; published in Lung 1989; 167:129-133. 
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tients, it was investigated whether the test method was reproducible and 
whether learning effects were present. 
4.3.3.1.2. Patiente and Methods 
Eleven patients, 8 men and 3 women, with obstructive lung disease were stu­
died. Patient characteristics are summarized in Table 4.III. In diagnosing 
we used the standards of the American Thoracic Society ^ . During the test 
they all were in a stable respiratory state and all had an optimal pulmona­
ry medication. Peak Expiratory Flow Rate (PEFR), resting tidal volume (VT) 
and breathing frequency were measured before the tests. These were identi­
cal on the consecutive days. 
The experimental protocol was approved by the local Ethics Committee and 
informed consent was obtained from all patients. Patients with orthopedic, 
cardiac or neuromuscular disturbances or other diseases influencing exer­
cise performance were excluded from the study. 
None of the patients had performed a bicycle ergometer test before. How­
ever, since the bicycle is very widely used as a means of transportation 
in the Netherlands, all patients frequently used a bicycle for daily trans­
port or exercise. They underwent an incremental test with a step-by-step 
increase in the workload of 5 or 10 Watt (W) per 30 seconds until exhaus­
tion was reached. The exercise started at a workload of 0 Watt. The pa­
tients were encouraged to a maximal performance. The mean duration of the 
test was 9.4 minutes (SD +_ 2.7). Heart rate was continuously recorded by 
electrocardiography (Cardiorater Cardiac Recorders Ltd London). 
Expired gas was analysed using the Oxycon IV (Mijnhardt, Odijk, the 
Netherlands), in which ventilation is measured via a dry gas meter produc­
ing electrical impulses for each 50 ml of expired air; O2 Is analysed with 
a paramagnetic Servomex analyser and СОт with an infrared absorption analy­
ser. The 90% response time is 8.0 seconds. With this gas analyser each 30 
seconds a printout was produced of ventilation per min (V E), tidal volume 
(V T), respiration frequency (RF), oxygen uptake (VO2), carbon dioxide pro­
duction (ÍCO,), respiratory gas exchange ratio (R), heart rate (HR) and 
ventilation equivalent for oxygen (VE/VO,). In all subjects arterial blood 
lactate levels were measured at the end of the first test. The exercise 
tests were repeated after an interval of 24 hours. Patients kept the same 
diet and medication and did not do any other kind of exercise on the two 
test days. 
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Table 4 . I I I . P a t i e n t s data and t e s t r e s u l t s a t maximal performance. 
Pat. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Diag­
nosis 
* 
В 
A 
В 
В 
A 
В 
В 
В 
В 
А 
В 
Age 
(угв) 
57 
24 
55 
35 
63 
54 
59 
57 
40 
56 
41 
Sex 
<f 
% 
efl 
<? 
<*• 
<? 
сГ 
$ 
<* 
9 
f 
FEV, 
(L)7 
Zpred 
2.2 /61 
2.4 /75 
2.1 /63 
2.2 /61 
2.6 /76 
1.65/50 
1.1 /36 
1.4 /68 
2.05/51 
2.05/97 
2.0 /45 
Improve­
ment after 
ßo-sympa-
thom. U ) 
12% 
8% 
9% 
14% 
11% 
0% 
8% 
17% 
16% 
3% 
11% 
FEV,/ 
VC 
(Z) 
44 
53 
45 
52 
66 
47 
31 
46 
51 
63 
48 
Treat-
ment 
** 
1,4,5 
1,2,3,4 
1,2,5 
1,4,5 
1,3,4,5 
1,5 
1,2,4,5 
1,4,5 
1,5 
1 
1,5 
Workload 
<W> 
test 
I 
180 
140 
175 
220 
180 
ПО 
215 
100 
160 
110 
220 
test 
II 
175 
145 
185 
210 
185 
115 
210 
100 
175 
125 
200 
ta 
(L/min) 
test 
I 
86.3 
70.0 
59.8 
81.1 
88.7 
50.6 
59.3 
34.7 
78.2 
56.6 
76.8 
test 
II 
85.4 
66.6 
72.5 
78.9 
91.9 
56.8 
61.5 
34.0 
89.7 
49.5 
78.4 
Resp.freq 
(breath/ 
min.) 
test 
I 
40 
41 
25 
48 
45 
32 
44 
26 
42 
46 
36 
test 
II 
42 
41 
33 
58 
40 
34 
43 
25 
46 
42 
36 
H. rate 
(beats/ 
min.) 
test 
I 
168 
186 
164 
188 
166 
152 
150 
126 
158 
136 
168 
test 
II 
162 
192 
16 
186 
168 
154 
162 
132 
166 
124 
156 
Vo 2 
(L/mln) 
test 
I 
2.10 
1.91 
2.03 
2.52 
1.99 
1.57 
1.98 
1.09 
2.57 
1.24 
2.65 
test 
II 
1.94 
1.85 
2.09 
2.32 
2.08 
1.58 
2.04 
1.14 
2.56 
1.18 
2.48 
vco2 
(L/mln) 
test 
I 
2.37 
1.97 
2.14 
2.96 
2.58 
1.63 
1.92 
1.10 
2.49 
1.47 
2.58 
test 
II 
2.22 
1.99 
2.39 
2.71 
2.63 
1.77 
2.10 
1.10 
2.88 
1.30 
2.69 
* A = Asthma; В = Chronic Obstruct ive Pulmonary Disease; ** 1 = Bo'sympathomimetics; 2 = Sodium Cromoglycate; 
3 = A n t i c h o l i n e r g i c s ; 4 = Theophyll ine; 5 = C o r t i c o s t e r o i d s (by i n h a l a t i o n ) . 
The time that VE/VO, and VE/VCO, were minimal was determined by a para­
bola, fitted by means of the least squares method. In order to allow the 
application of standard statistical techniques, logarithm transformations 
were performed. Possible learning effects were tested using the paired stu­
dent t-test. The duplicate error, calculated as the standard deviation of 
the differences divided by \2 after log-transformation may be interpreted 
being the relative error in the measurements, approximating the usual coef­
ficient of variation. 
Reproducibility was considered good or moderate when the relative du­
plicate error was less than 5 or 10% respectively. At levels above 10% it 
was considered poor. 
4.3.3.1.3. Results 
Mean maximal exercise data for the two tests are summarized in Table 4.IV. 
Table 4.IV. Mean values during maximal exercise of test I and test II, 
mean time to minimum level in VE/VO2 and YE/VCO2 and 
statistical analysis. 
Workload (W) 
ΫΕ (L/min) 
R.F. 
(breath/min) 
V0 2 (L/min) 
HR (beats/min) 
V02/kg 
(ml/kg/min ) 
VC0 2 (L/min) 
R 
Time until mini­
mum VE/Y02(niin) 
Time until mini­
mum YE/VC02(min) 
Test 
mean 
165 
68 
39 
1.97 
160 
26.9 
2.1 
1.09 
4.6 
7.06 
I 
SD 
45 
17 
8 
0.5 
19 
5.8 
0.6 
0.10 
1.49 
2.1 
Test 
mean 
166 
70 
40 
1.93 
161 
26.5 
2.2 
1.11 
4.8 
8.08 
II 
SD 
39 
18 
8 
0.5 
20 
5.1 
0.6 
0.08 
1.6 
3.3 
Signifi­
cance 
level 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
Relative 
duplicate 
error 
4.5% 
6.6% 
8.3% 
3.5% 
3.7% 
3.7% 
6.0% 
3.4% 
32.1% 
20.8% 
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There were no significant differences between the values of the first and 
second test procedure, indicating no learning effects of the bicycle test. 
There was a good reproducibility for workload (4.5%), V 0 2
m a x
 (3.5%), R 
(3.4%) and HR (3.7%). 
V E
m a x
 (6.6%) and С 0 2 ш а х (6.0%) and RF (8.3%) were moderately reproduci­
ble. The reproducibility of the time interval between the start of the 
test and the minimum value of the Vg/VCU and the Vp/VCOo as possible indi­
cators for the anaerobic threshold'· ' was low (32.1% and 20.8% respective-
iy). 
4.3.3.1.4. Critique of Method 
The duration of the tests was in the range as advised by Wasserman*· ': 8-10 
min for the incremental part of the exercise test. The duration of our test 
was 9.4 + 2.7 minutes. These results do not indicate whether the duration 
of the test has influenced the time course of VE/VOj and VE/VcOj. The fact 
that each work rate increment was low (5 W or 10 W) and the duration of 
each work load short (30 s), might be an explanation why the reproducibi­
lity of ventilatory equivalents is low in this method. Thus it is possible 
that these patients slowly passed their anaerobic threshold, without a 
sharp nadir in their VE/VO2 and VE/VCO2 curves. 
With regard to the method of 0, and CO2 analysis, it can be stated that 
breath-by-breath analysis is preferable. However, our device may lead to an 
error which does not exceed 30 seconds maximally, or expressed in oxygen 
uptake: a maximal error of 58.5 ml oxygen In the 5 Watt/30 second protocol 
and 97.2 ml oxygen in the 10 Watt/30 second protocol. Furthermore, it is a 
general problem in exercise testing in patients with lung disease, that 
they may have too irregular a breathing pattern for an exact identification 
of the nadir in VE/VO2 and VE/VCO2, even by means of breath-by-breath ana­
lysis. Insensitivity of chemoreceptors and an abnormal ventilatory response 
to metabolic acidosis of exercise can be another additional problem^ . 
The fact that 2 of the most affected patients out of our group (patients 
7 and 11) reached the highest work output is in accordance with our expe­
rience that in patients with a light to moderate obstructive lung disease, 
physical condition is a more limiting factor in performance than lung func­
tion. Both patients reached a maximal heart rate (see Table 4.Ill) and high 
arterial lactate levels (8.2 and 11.9 mmol/L respectively). 
In severe obstructive lung disease with a FEV. less than 1.0 L or lower 
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than 20-30% of predicted value, the ventilatory function is mostly insuffi­
cient in such a way that the "symptom-limited" end of the test is deter­
mined by work of breathing. At that moment the cardiocirculatory system is 
not maximally strained and the age-specific maximal heart rate (220-age) is 
not reached. Arterial PCOo is increased as a sign of alveolar hypoventila­
tion and the breathing reserve is zero^ . 
4.3.3.1.5. Discussion 
Despite of the fact that none of the patients were familiar with bicycle 
exercise testing, there were no important habituation effects to the test 
procedure, as may be concluded from the low relative duplicate error. 
In healthy control subjects the variability of repeated determinations 
of v 0 2
m a x
 is approximately 3% ', in patients with chronic air-flow ob-
(2) 
struction this figure amounts to 6% v '. 
In our group of patients the variability of VO^max w a s 3.5%. This result 
is possibly due to a good motivation of the group to perform maximally. 
After the test 10 of the 11 patients declared that they had stopped 
because of pain and lack of power in their legs. Only 1 complained of a 
shortness of breath (patient 8). This is in agreement with other studies 
( 3 )
. 
When asked, 5 of the 11 patients declared to expect a better performance 
in the second test because they could profit by the knowledge and expe­
rience of the first test (Patients 3,4,6,7,11). There was, however, no im­
provement in their maximal workload and maximal oxygen uptake. 
It may be concluded that in obstructive patients the results of incre­
mental exercise testing show good reproducibility in a test-retest proce­
dure. Only the reproducibility of the time that Vg/VOj and Vg/VCOj were 
minimal was unacceptably low. For this reason it is concluded that with 
this statistical method and with this device (Oxygen IV, Mljnhardt), It is 
not possible to determine the anaerobic threshold exactly In a non-Invasive 
way. 
4.3.3.1.6. References 
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4.3.4. Determination of the anaerobic threshold (AT) In patients with 
moderate obstructive lung disease with Base Excess or respiratory 
exchange ratio * 
4.3.4.1. Introduction 
Training programmes are used more and more in the rehabilitation of 
patients with an obstructive lung disease. 
Ergometrie testing is often used in measuring changes in physical endu­
rance. An Important parameter to be studied is the change in anaerobic 
threshold (AT). An increase in the AT is an indicator of an improved physi­
cal endurance (1). In this study AT was defined as the workload at a lac­
tate concentration of 4.0 mmol/L, as generally preferred in Europe (2). In 
the United States, however, it Is usual to identify this threshold at the 
point at which [La ] shows an upward inflection in a fairly short incre­
mental exercise test in which the power output is increased rapidly (2). 
Determining the AT by means of lactate concentration in blood is time-
consuming and invasive. It should therefore be avoided if possible when 
repeated tests are performed before, during and after training programmes. 
The use of ventilatory parameters to determine the AT has the advantage 
of being non-Invasive. However, determining the AT by means of ventilatory 
equivalents for oxygen and carbon dioxide (VE/VO2 and VE/VCCO in patients 
with obstructive lung diseases is very difficult and sometimes even impos­
sible (3,4). The reproducibility of the ventilatory equivalents mentioned 
* N.J.M. Cox, J.C.M. Hendriks, H.Th.M. Folgering, R.A. Binkhorst, CL.Α. 
van Herwaarden. Submitted for publication. 
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above is low (5). According to Wasserman (6) a problem in exercise testing 
in patients with lung diseases can be an irregular breathing pattern. This 
complicates the exact identification of the nadir in l/E/UQj and VE/VCCU. 
Insensitivity of chemoreceptors and an abnormal ventilatory response to 
metabolic acidosis of exercise can be another additional problem (6). 
However, the possible use of ventilatory parameters for the determina­
tion of the AT in this group of patients remains attractive. For that rea­
son the objective of this study was to investigate the relation between 
[La ] =· 4.0 ramol/L and the load at which the respiratory gas exchange ratio 
(R) reached the value 1.0. Furthermore, the relation between the point 
[La ] =4.0 mmol/L and several Base Excess (BE) levels was examined. 
4.3.4.2. Patients and Methods 
Eigthy-six patients (age 43.6 yrs, SD 13.1 yrs; 55 males, 31 females) with 
an obstructive lung disease participated in the study. The mean forced ex­
piratory volume in 1 second (FEV1) was 2.40 L (SD 0.78 L); FEV1 as a per­
centage of the vital capacity was 59.5% (SD 15.5%); FEV^ as a percentage of 
predicted was 68.5% (SD 22%). Obstructive lung disease was classified as 
asthma and chronic obstructive pulmonary disease (COPD) (7). In this study 
all exercise testing was carried out on patients who used an optimal bron-
chodilatory medication. Consequently no exercise-induced bronchoconstric-
tion (EIB) was observed. 
A total of 350 incremental bicycle tests were conducted on these pa­
tients. The workload was increased by 10 Watts (W) per 30 seconds until ex­
haustion. The patients were encouraged to a maximal performance. 
The heart rate was recorded continuously by electrocardiography (Cardio-
rater Cardiac Recorders Ltd, London). 
Patients breathed through a mouthpiece and used a noseclip. Expired gas 
η 
was analysed every 30 seconds (Oxycon IV, Mijnhardt, Odijk, the Nether­
lands) for minute ventilation (V E), tidal volume (V T), respiration frequen­
cy (RF), oxygen uptake (VO2), carbon dioxide production (VCO2), respiratory 
gas exchange ratio (R), and ventilation equivalent for oxygen (VE/VO2). 
Arterial blood samples were taken every 3rd minute from an indwelling 
catheter in the brachial artery or radial artery. An additional blood sam­
ple was taken at the moment that the patient became exhausted in order to 
get more information concerning the changes in the arterial blood gases in 
the maximal exercise range. Lactate concentrations were measured in plasma 
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TÈ 
by the Monotest method, an enzymatic UV-method (Boehringer). Furthermore, 
Base Excess (BE) was determined by Slggaard and Andersen nomogram. The 
workload at the lactate level of 4.0 mmol/L was determined by linear in-
terpolation between the loads at measurement points with a lactate concen-
tration equal or above 3.0 mmol/L. Moreover, the loads, at which BE concen-
tration levels were 0.0, -1.0 and -2.0 nunol/L, as well as the load, at 
which R reached the value 1.0, were also determined by linear interpola-
tion. 
The experimental protocol was approved by the local Ethics Committee and 
informed consent was obtained from all patients. Patients with orthopaedic, 
cardiac or neuromuscular disturbances or other diseases restricting exer-
cise performance were excluded from the study. 
4.3.4.3 Results 
In table 4.V. the results are presented as the differences in the loads be-
tween the point at La-4.0 mmol/L, and R=1.0 and BE=0.0 mmol/L, -1.0 mmol/L 
and -2.0 mmol/L, respectively. 
TABLE 4.V. Difference in mean load in Watts between the point [La~]= 4.0 
and other measurement points. 
[La ] = 4 minus R • 1 
[La-] = 4 minus BE =-2 
[La-] - 4 minus BE =-1 
[La~] = 4 minus BE = 0 
** ρ < 0.01; *** ρ « 0.001. 
As can be concluded from the number of experiments (n) it was not always 
possible to assess the load at the above mentioned points. This was often 
due to the fact that the subjects had to stop the exercise before that 
point, due to dyspnoea. The values of lactate and BE at rest were 1.32 
mmol/L (SEM 0.63) and 2.13 mmol/L (SEM 0.11) respectively. As shown in 
table I the difference in load was least between AT and BE = 0.0 mmol/L and 
between AT and BE · -1.0 mmol/L. These points were reached at almost equal 
η 
268 
267 
274 
279 
Watt 
-16.8 
-13.0 
- 4.3 
3.6 
SEM 
1.7 
1.4 
1.3 
1.3 
Ρ-
t-
-value 
-test 
*** 
*** 
** 
** 
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loads before and after AT. The R = 1.0 load was reached at significantly 
higher work loads than the AT (16.8, SEM 1.7 W). The R=1.0 load was best 
related with the load at the BE-value -2.0 mmol/L (difference 3.8 W, SEM 
1.9 W). The mean decrease in BE concentration at the point [La-] • 4.0 
mmol/L was 2.6 mmol/L. This equals the mean increase in [La~] of 2.68 
mmol/L. Figure 4.2 shows from left to right the difference in load levels 
at which the respective lactate- and BE-values were reached. 
Figure 4.2. From left to right the differences in load levels at which 
the respective lactate- and BE-values are reached. 
4-3.6+1.3W-+-*-4.3+1.3W-* 4- 9.4+0.3U -• 4-3.8+1.OW» 
J ι " , L, : ι : ι : L 
RÜt BE=0.0 [La ]=4.0 BE—1.0 BE=-2.0 R=1.0 
BE = 2.13 mmol/L Wattage > 
[La"] = 1.32 mmol/L 
4.3.4.4 Discussion 
Because of the fact that in a previous study in our patient group the re-
producibility of the determination of VE/VO2 and VE/VCOn was unacceptably 
low (5), we decided to investigate another ventilatory parameter: respira-
tory gas exchange ratio (R). The workload at R = 1.0, however, was signifi-
cantly higher than the load at AT, i.e. at [La~] = 4.0 mmol/L. It might be 
hypothesized that the reason for the late occurrence of R = 1.0 is the fact 
that the CO2 transport is ventilatorily limited. In our patients with ob-
structive lung diseases the bronchial obstruction and inhomogeneous venti-
lation may be the cause of the lagging of the CO2 production as measured at 
the mouth. So it is concluded that with the analysis devices used it was 
impossible to determine AT in a non-invasive way in our patient group with 
a moderate obstructive lung disease. However, intraindividual changes in 
the load at R - 1.0 due to a rehabilitation programme may be helpful as an 
indication of changes in physical endurance. 
Determination of the point lactate = 4.0 mmol/L is not necessary. This 
point Is very well in accordance with the BE level 0.0 mmol/L. At the point 
[La~] = 4.0 mmol/L the mean decrease in BE concentration was 2.6 mmol/L. 
This equals the mean increase in [La-] of 2.68 mmol/L. Beaver found a good 
correspondence between [HCO3-] and [La~] by comparing regression models 
(8). His conclusion that [HCO-j-] is the major buffer of lactic acid is 
consistent with the results of this study. 
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Some studies have shown that there Is no unequivocal correlation between 
blood lactate and hyperventilation. A study by Farrell (9) suggests that a 
decrease in the blood pH, resulting from blood lactate accumulation, is not 
responsible for the increase in ^E/VCU and VE/ ^СС^. Hagberg (10) showed 
that in patients with McArdle disease hyperventilation occurred even when 
there was no increase In plasma lactate concentration. McArdle patients 
cannot produce lactic acid during exercise because of a lack of muscle 
Phosphorylase. The conclusion of these studies could be that the non-linear 
increase in ventilation during incremental exercise is not mediated by a 
change in the blood pH or lactate concentration, and a relation between the 
point [La~] = 4.0 mmol/L and YE/fa^ and ^E/^COj is not likely to be expec­
ted. 
Wasserman (11) studied mild asthmatics (FEVj 85%+18% of the predicted 
value) with resected carotid bodies. During intense exercise they did not 
hyperventilate and thus failed to compensate for lactate acidosis. In our 
opinion it is also possible that there is an aberrant ventilatory response 
to exercise in patients with an obstructive lung disease. Firstly an insen-
sitivity of chemoreceptors may partly mimic a resection of carotid bodies. 
Secondly they have more problems to increase ventilation when acidosis oc­
curs. During an increased ventilation a substantial fraction of the in­
creased oxygen uptake is used by the ventilatory muscles themselves. The 
respiratory muscles in healthy subjects at rest consume about 1% of the 
total body oxygen uptake. During maximal exercise this value can rise to 
10%, and in COPD it can even rise to 40% (12). These patients have to per­
form a greater work of breathing in comparison with normals. Our results 
would confirm Beaver's observation that In patients with airflow obstruc­
tion and chemoreceptor Insensitivity, the ventilatory response may lag be­
hind the metabolic response. Beaver concluded that the plotting of VfXU 
vs. VO, directly (=V slope technique) had to be a better way of analysis 
(13). 
By means of the V-slope method the gas exchange AT is defined at the 
point of excess COn output. In that method data are obtained from breath-
by-breath measurements which are smoothed using a 9-second moving average 
filter. COj (YCO2) output is plotted versus Oj uptake (VOj). The data in 
the middle part of the test are analysed by least squares statistical me­
thods to obtain the best fit in a two-component model. The intersecting 
point should be the anaerobic threshold. 
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In our point of view the increase in VCO2 for respiratory compensation 
(RC) is often accompanied by a non-linear increase in oxygen uptake for 
that workload. The reason for this is an increased metabolic requirement of 
the respiratory muscles to increase alveolar ventilation for respiratory 
compensation of metabolic acidosis. Therefore VOj will increase dispropor-
tionately and may influence the VCU/VCOn relationship, as used in the V-
slope method. 
Beaver described 10 normal subjects. In almost all cases 6 panellists 
succeeded in assessing the AT (13). We presume that in pulmonary patients 
the success rate will be lower for the reasons mentioned above. 
From studies in the literature and from our present and previous study (5) 
we conclude that if blood gas values are measured during exercise tests, 
the BE value can be used as a measure of AT; separate determination of lac-
tate concentrations is redundant. It is very difficult to interpret venti-
latory exercise parameters such as R, VE/ÍCU and VE/VCO2 in terms of anae-
robic threshold in patients with obstructive lung diseases. 
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4.3.5. Cooper test 
The patients had to run as long a distance as possible in 12 minutes. When 
they could not run anymore they were asked to walk or to go on after a 
short rest. All tests were performed in a gymnasium. 
4.3.6. Muscle force 
The patients were asked to lift up heavy bars of 15 kg and to put them down 
5 meters farther, to push themselves up from a lying position, to bend for­
wards out of a lying position and to transport a ball from one basket to 
another, 5 metres apart, with the ball between the feet while hanging on a 
rope. Furthermore, there was a jumping test (Sargent jump [Sargent 1921]) 
and with equipment based on strain gauges, the force of the flexion muscles 
of the upper part of the body, the arm flexion- and quadriceps muscles was 
measured. 
4.3.7. Skills and coordination tests 
At every measurement point the patients of both groups performed the fol­
lowing exercises: 
1. Throwing tennis balls into a basket fixed at the wall. 
2. Beating balls into a circle drawn on the wall. 
3. Walking over a balance beam. 
4. Rope skipping. 
5. Climbing wall bars. 
6. Bending forwards out of a normal sitting position. 
During each exercise, the patient was encouraged to maximal performance; 
each exercise took 2 minutes. Between the exercises there was a 2-tnlnute 
break. The patients scored 1 point each time they succeeded in performing 
one of the tasks mentioned above. 
4.4. QUESTIONNAIRES 
4.4.1. Somatic questionnaire 
By means of a standardized questionnaire specific questions about the seve-
rity of dyspnoea were asked, using a five-point scale (l=no to 5-severe 
symptoms). Questions were asked about dyspnoea in general, at rest, during 
exercise and at night. 
Furthermore, the patients were asked whether dyspnoea or coughing occur-
red when they were exposed to grass pollen, house dust mite, and animals 
(dog, cat, etc). Again a five-point scale was used (1'no complaints to 
5=severe complaints). In this way allergic complaints could be objecti-
fied. 
Hyperresponsiveness complaints were assessed through the following four 
questions: The patients were asked whether there was an increase in dys-
pnoea or coughing after contact with rapid changes in temperature, fog, 
smoky indoor air and/or frying air. The same five-point scale as described 
above was used. 
To determine the complaints of coughing the same scale was used (l=no 
coughing at all to 5=very severe complaints of coughing). Furthermore the 
subjects were asked to assess the daily amount of sputum, using a scale 1 
to 4 (1-no sputum production to 4=the contents of one cup a day). They were 
also asked about the use of pulmonary drugs and the answers were recorded 
exactly. The patients were asked whether they used no, 1 or 2 or more than 
2 spasmolytics and whether they used an Inhalation corticosteroid. 
The consumption of medical care was assessed. The number of visits to 
the general practitioner and the number of extra visits to the chest physi-
cian for reasons of dyspnoea during the last year were assessed. Also the 
days they stayed at home or were admitted to a hospital for pulmonary rea-
sons during the last year were counted. 
The patients were asked whether they smoked or not, and If so, how many 
cigarettes a day. 
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4.4.2. Social questionnaire 
Consumption of care given by social workers was assessed. Patients were 
asked how many days a week they worked, whether they had changed their job 
or received retraining for another job, and whether they had made special 
alterations In their houses because of their disease. 
Furthermore, they were asked how they spent their days (e.g. how many 
hours of sleep or work or leisure time), how they spent their leisure 
time, and whether they had changed their leisure time activities. 
4.4.3. Psychological questionnaire 
Several psychological parameters were assessed using a questionnaire that 
was a modified version of the medical psychological questionnaire by R.A. 
Erdman (Erdman 1981). By transforming two Items the questionnaire was sui-
table for patients with lung diseases. The validity and reliability were 
studied, because the original test was examined and validated in patients 
with heart diseases (see 4.4.2.1). This specific test was used, as It 
proved to be especially suitable for Intervention studies. In this way It 
was possible to separate and assess psychological Indices such as well-
being, experienced Invalidity, social Inhibition and displeasure. 
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4.6. INVESTIGATION INTO THE RELIABILITY AND VALIDITY OF A MEDICO-
PSYCHOLOGICAL QUESTIONNAIRE FOR LONG PATIENTS * 
4.6.1. Introduction 
To be able to assess the psychological state of patients with obstructive 
* N.J.M. Cox, J.C.M. Hendriks, R.A. Blnkhorst, C.L.A. van Herwaarden. 
Submitted for publication. 
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lung diseases, a questionnaire was used which is an adapted version of the 
medlcopsychological questionnaire for heart patients (MPQH) according to 
Erdman (1981). 
Erdman's MPQH contains four scales: Well-being, Experienced Invalidity, 
Displeasure and Social Inhibition. This questionnaire was validated and 
standardized for heart patients and it appeared It could be used to assess 
and to follow the above-mentioned parameters (Erdman 1981; Rorabouts et al. 
1984; Maes and Bruggemans 1984). To find out if this questionnaire could 
also be used for other populations, an investigation was made among bank 
employees by Rombouts et al. (1986). For this purpose one item of the ques-
tionnaire was adapted and the investigators concluded that it could be used 
for bank employees indeed. 
In evaluation studies of patients with obstructive lung diseases there 
is not only a need to gain insight into changes of medical and constitutio-
nal parameters, but also into other aspects related to the "quality of 
life". For this purpose the MPQH was adapted for lung patients. It will 
hereafter be referred to as the MPQL (the medlcopsychological questionnaire 
for lung patients). This study gives an account of the investigation into 
the reliability and validity of the MPQL. With regard to the validity, the 
relation was studied between the scores of the psychological parameters (as 
established by means of the MPQL), general characteristics and medical data 
such as age, level of education, work situation, lung function, ergometry 
and consumption of medical care. If possible, the results of the MPQL were 
tested and compared with data from the literature. 
4.6.2. Method 
4.6.2.1. The questionnaire 
The MPQH contains 52 items, of which two are directly related to cardiovas-
cular diseases: 
- I have been worried about the chance of a(nother) heart attack recently, 
and 
- I can accept the fact that I am a heart patient. 
In consultation with Erdman these two items were adapted. The formulation 
is now as follows: 
- I have been worried about the chance of a(nother) attack of shortness of 
breath. 
- I can accept the fact that I am a lung patient. 
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Furthermore, a number of data was collected with regard to the consumption 
of medical care and the work situation. These questionnaires were filled 
in by the patients on the same day as the psychological questionnaire. To 
gain insight into the consumption of medical care, questions were asked 
about the number of days the patient had been in hospital and the number of 
days he or she had reported sick in the last twelve months. Within one day 
after completing the MPQL and the separate questionnaire, the patient was 
carefully examined by means of lung function- and exercise tests. As repre-
sentative lung function values for this group of patients the FEV, (forced 
expiratory volume in 1 second) was used, as well as the VC (vital capacity) 
and FEVj as percentage of the VC. FEV1 and FEVj/VC are standards for the 
obstruction of the airways. The standard values were derived from Quanjer 
et al. (1983). During ergometrie testing the patients were encouraged to a 
maximal performance on a bicycle ergometer, with the maximally reached 
wattage (Wmax) as standard. Moreover, the patients also performed the so-
called Cooper test: the maximal distance that can be covered by running (or 
walking) for a period of twelve minutes. 
4.6.2.2. The groups of the investigation 
Administering the MPQL was part of a detailed investigation into the ef-
fects of pulmonary rehabilitation in patients with obstructive lung dis-
ease. 
For a period of 13 weeks 44 patients participated in a rehabilitation 
programme of 38 hours a week, spread over 5 days. Each day there was an in-
tensive physical training of 4 to 5 hours on average. Then there was psy-
chosocial counselling and the patients were also informed about various as-
pects of their disease and the aim of the therapy. The measurements were 
performed before and after 3 months of rehabilitation. There was a follow-
up after 6, 12 and 24 months. The same measurements were performed in a 
control group of 43 patients. The patients in the control group were com-
parable with the treated patients regarding sex, age, Quetelet index, lung 
function disorder, level of education and pulmonary medication. As there 
was no difference between the patients in the two groups, they have been 
taken together (n=87). The characteristics of the investigated group are 
described in table 4.VI. 
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Table 4.VI. Data of patients at the start of the investigation (n=87). 
Means are given with the SD. 
PATIENT CHARACTERISTICS: 
men 
women 
age (years) 
Quetelet index (kg/m ) 
DIAGNOSIS: 
- asthma 
- chronic obstructive 
pulmonary disease 
LUNG FUNCTION: 
- FEV! (L) 
- FEV! (% pred.) 
- FEVj/VC (%) 
- Reversibility >_ 15% 
MEDICATION: 
- use of spasmolytics 
- continuous иве of 
inhalation corticosteroids 76% 
EDUCATION: 
- Primary education + 46% 
Lower Vocational Education 
- Intermediate Vocational 36% 
Education 
- Higher Vocational Education 18% 
4.6.2.3. Statistical methods 
The reliability of the MPQL-scales was studied by means of the coefficient 
alpha of Cronbach and the test-retest correlation. 
Cronbach's alpha is the standard for the reliability of the mutual cor­
relation of the separate items within a scale. Reliability is also deter­
mined by the amount of items and the degree of the internal consistency of 
the items, and so reliability is in that way a measure for reproducibility. 
A high Cronbach's alpha implies that all the items within that scale mea­
sure the same; in that case there is a high homogeneity. 
The test-retest correlations of the MPQL-scales were estimated by means 
of the Inter-Period-Correlation-Analysis-Method (van 't Hof 1979). This is 
an appropriate method to estimate the test-retest correlation in longitudi­
nal studies. Cronbach's alpha and the test-retest correlation are intended 
to express the same, if the former is squared. 
64% 
36% 
43.6 + 13.1 
24.8 
61% 
39% 
2.33 + 0.68 
68.5 + 22.0 
57.7 + 14.5 
85% 
86% 
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The construct-valldlty was studied with regard to two aspects. The first 
aspects of the construct-valldlty that was studied, Is the mutual correla-
tion of the four MPQL-scales. The second aspect Is the relation of the 
MPQL-scales with FEVj^/VC, Umax, Cooper test, (voluntary) work, days at home 
because of lung problems, days at home because of other Illnesses, days In 
hospital because of pulmonary disorders, age and education respectively. 
The mutual correlation between the four MPQL-scales and the relation 
with the above-mentioned parameters was studied by means of correlation-
calculation. For every patient the correlation was calculated over the four 
measurement points and by means of Student's t-test It was tested If the 
average group correlation significantly deviated from zero. For the corre-
lation of age and education with the four MPQL-scales, the scores of the 
scales were averaged over the four measurement points. 
4.6.3. Results 
The Internal consistency of the answers to the questions that are related 
to the four medlcopsychologlcal scales was Investigated by means of Cron-
bach's alpha. The results are presented In table 4.VII. 
The answers regarding the scales of Well-being, Experienced Invalidity 
and Displeasure show a high Internal reliability. This reliability Is less 
high for the scale of Social Inhibition. 
The test-retest correlations of the scales of Experienced Invalidity, 
Displeasure and Social Inhibition may be called good (table 4.VII). This 
correlation is considerably lower for the scale of Well-being. 
Table 4.VII. Test-retest correlations of the scores for 
the MPQL-scales (ns87; 4 measurement points). 
Test-retest * Cronbach's 
correlation alpha 
Well-being 0.36 0.93 
Experienced Invalidity 0.70 0.86 
Displeasure 0.72 0.80 
Social Inhibition 0.65 0.69 
* estimated by means of Inter-Period-Correlation-Analysis 
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The mutual relation between the MPQL-scales was analysed by means of 
Pearson correlations. The results are presented in table 4.VIII. 
The scales of Experienced Invalidity and Displeasure are not Independent 
of the scale of Well-being. Social Inhibition is less correlated with the 
other three scales. There is an equally strong mutual correlation between 
these first three scales. 
Table 4.VIII. Mutual correlations of the scores for the various 
scales of the MPQL (Pearson correlation test) 
(n-87). 
Well- Exp. Dis- Soc. 
being Inval• pleas . inhlb. 
Well-being - -.37*** -.45*** -.17 
Experienced Invalidity - .45*** .10 
Displeasure - .22* 
Social Inhibition 
*** p«0.001; ** p<0.01; *p<0.05; t-test on mean correlation. 
There is a significant correlation between the scores for Well-being and 
the variables of Wmax, Cooper test, (voluntary) work, the number of days at 
home because of lung problems and the number of days in hospital because of 
pulmonary disorders. There was a significant correlation between the scale 
of Experienced Invalidity and the maximally reached wattage (Wmax), Cooper 
test, the number of days in hospital because of pulmonary disorders and 
age. 
On the other hand, the scale of Displeasure only correlated significant-
ly with the Cooper test and the number of days in hospital. The scale of 
Social Inhibition did not show any significant correlation with any of the 
parameters investigated (table 4.IX). 
4.6.4. Discussion 
The resu l t s with respect to the internal consistency of the answers to the 
questions of the MPQL-scales correspond to the findings in ear l i er invest-
igat ions of the MPQL (Erdman 1981; Rombouts e t a l . 1986). The internal con-
- 78 -
sistency as a standard for the mutual correlation of the separate Items 
within one scale of this test may be called good for all scales, except for 
the scale of Social Inhibition. 
Table 4.IX. Correlations of the scores for the MPQL-scales with FEV^VC, 
maximum wattage, Cooper test, (voluntary) work, days at home 
because of lung problems, days at home because of other Ill­
nesses, days of hospitalization because of pulmonary diseases, 
age and education respectively. 
FEVj/VC 
Watt max 
Cooper test 
(Voluntary) 
work 
Days at home 
(lung probi.) 
η 
61 
67 
46 
64 
73 
Well-being 
-0.03 
0.18* 
0.34*** 
0.11* 
-0.18* 
Exper. Inval. 
-0.12 
-0.28*** 
-0.28** 
-0.08 
0.10 
Displeasure 
-0.01 
-0.10 
-0.21* 
-0.09 
0.11 
Social Inhlb. 
0.04 
-0.03 
-0.09 
0.04 
0.13 
Days at home 73 
(other llln.) 
Days of hosp. 75 
pulm. dis. 
Age 
Education 
85 
85 
-0.07 
-0.33*** 
-0.13 
0.14 
-0.10 
0.39** 
0.38*** 
-0.09 
-0.10 
0.40*** 
0.09 
-0.15 
0.06 
0.13 
-0.09 
-0.14 
* p<0.05; ** p«0.01; *** p<0.001 
As far as the test-retest correlation of the scores Is concerned, there 
Is some difference with the findings of Erdman (1981). In his Investigation 
there was a greater correspondence between the test-retest correlations of 
the separate scales and these correlations were somewhat higher than the 
values found In this study. However, In Erdman's Investigation the test was 
repeated after an Interval of one to two weeks. To prevent the effect of 
remembering as much as possible, the patients did not know during the first 
test that they would have to fill In the questionnaire once again. In this 
study the Interval between the measurements was 6 and 12 months. The ad­
vantage of this method Is that effects of remembering are very likely to be 
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impossible. It is also important that the questionnaire is capable of meas-
uring changes. The test measures a "state" at a certain measurement point, 
it does not measure a personality "trait". This implies that, if the test-
retest reliability of the questionnaire is determined after a long interval 
between the separate measurements, it is more probable that the result of 
the test-retest reliability will be lower. If the test-retest reliability 
of a psychological test is high, this may imply, however, that the test is 
not sensitive enough to measure situational changes of that moment (Thorne 
1974,1980; Boyle 1985). The theory of sensitivity to the moment is suppor-
ted by an investigation by Rombouts et al. (1984), in which it is concluded 
that well-being as measured by the MPQH is more determined by the situation 
of that moment than by events of longer ago. So, the fact that the test-
retest correlation of the scale of Well-being (0.36, table 4.IX) is low, 
does not necessarily imply that the test would be unreliable. 
The mutual scale-correlations are such that the scales are reasonably 
independent of each other. The scales of Experienced Invalidity and Dis-
pleasure are not independent of the scale of Well-being, which is probably 
due to the fact that Experienced Invalidity and Displeasure may be inter-
preted as aspects of Well-being. 
The explained variance between the scales of Well-being versus Exper-
ienced Invalidity and Well-being versus Displeasure respectively, is low 
(13.7% and 20.2% respectively). This gives cause to take the scales inde-
pendently and to give them the right to exist. 
For the four scales no relation was found with the education received. Rom-
bouts et al. (1984) did find this relation, though, among bank employees 
for the scales of Experienced Invalidity, Social Inhibition and Displeas-
ure. 
There appears to be a positive relation between Well-being and exercise 
capacity, measured by a bicycle- and running (walking) test. Furthermore, a 
higher degree of Well-being appears to be related to having (voluntary) 
work, a smaller number of days at home because of lung problems and to a 
smaller number of days in hospital. Experienced Invalidity is also signi-
ficantly correlated with exercise capacity and days of hospitalization. And 
it appears that the older the patient is, the greater his or her Experien-
ced Invalidity le. The latter was also found by Rombouts et al. (1986). The 
better a patient functions physically, as measured by means of the blcyle 
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test and the Cooper test, the more the Experienced Invalidity decreases. 
The greater the number of days of hospitalization, the greater the Expe-
rienced Invalidity Is. All this is In favour of validity of the MPQL. 
As far as the scale of Displeasure Is concerned, there appears to be a 
relation with a small number of days of hospitalization and a high score In 
the Cooper test. 
The scale of Social Inhibition does not show significant relations with 
the consumption of medical care, with the fact If a patient has work or not 
or with the degree of lung function obstruction. Erdman Interprets the 
scale of Social Inhibition as a scale that rather reflects a personality 
trait. This might be an explanation of the findings of this investigation. 
4.6.5. Conclusions 
It may be concluded that the Medlcopsychologlcal Questionnaire for Lung 
Patients can be used to determine psychological parameters In patients with 
obstructive lung disease, especially where the scales of Well-being, Exper-
ienced Invalidity and Displeasure are concerned. The scale of Social Inhi-
bition does not show the expected relation with the various variables, so 
that perhaps It Is better not to use this scale. 
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CHAPTER 5. 
THE REHABILITATION PROGRAMME 

5. THE REHABILITATION PROGRAMME 
5.1. THE WEEKLY PROGRAMME 
The rehabilitation programme consists of several parts, such as physical 
training, health education and psychological and social attendance. Before 
participation the patients are intensively medically examined, followed by 
an optimal medical treatment. 
The programme takes 38 hours a week, for a period of 3 months. Training 
is performed in groups of 10 patients. 
Sports take about 4 or 5 hours a day, and include team sports (volley-
ball, football), individual sports (tennis, badminton), Cooper test, walk-
ing, cycling (in- and outdoors), swimming, skills and coordination exerci-
ses and special exercises for the (respiratory) muscles. For the exact pro-
gramme and the time reserved for the various parts of the programme, see 
table 5.1. 
The purpose of sports on the programme is to improve: 
- the cardiovascular condition, 
- the skills and coordination, 
- the force and endurance of the (respiratory) muscle groups, 
- the attitude towards sports activities, 
- the belief in one's own forces and remaining capacity in order to dimi-
nish the fear of exercise and dyspnoea, 
- the knowledge how to handle one's ventilatory reserves and physical 
strength carefully. 
The educational parts of the programme are partly included in the sports 
part of the programme as described in the last three points above. Further-
more, the patients receive information about their disease and about how to 
handle it. It is discussed how to diminish or prevent allergen contacts and 
the hazardous effects of smoking and air pollution on pulmonary functioning 
are also paid attention to. Before the start of the rehabilitation program-
me all patients are told that it is absolutely forbidden to smoke during 
the programme. 
Relaxation and breathing exercises are another part of the programme, 
based on elementary yoga techniques, and given by our physiotherapist twice 
a week in 30-minute bouts. 
Both the extensiveness of the programme as a whole and the elaborate 
sports part within that programme are aimed at increasing the chance that 
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Table 5.1. Pulmonary rehabilitation programme as given in our clinic. 
PROGRAMME 
Daily circuit 
Sports 
Skill and 
Suppleness 
EXERCISES 
Muscle training 
Endurance training 
Badminton, tennis 
volleyball, etc. 
Circuit of 8 exercises 
(of 2 min with 2 min rest. 
DURATION 
(min) 
20 
20 
70 
32 
) 
FREQUENCY 
Daily 
Daily 
Daily 
Once per week 
Walking 
Swimming 
Cycling 
Sauna 
Individual 
training 
Coopertest 
or McGavin test 
Information 
e.g. ball exercises, 
balance beam 
5 - 7 kilometres 
Swimming and exercises 
in the water 
Cycling outdoors 
Postural exercises, 
relaxation exercises, 
inspiratory resistance 
training 
Maximal distance 
(walking or running) 
Information about: 
- COPD disease 
- attitude to life 
- use of pulmonary drugs 
- possible side-effects 
of drugs 
2-3 times per week 
60 Twice per week 
+120 Once per week 
+150 Twice per week 
30 Twice per week 
6 or 12 Once per week 
+ 45 Once in 2 weeks 
there will be some element in the programme that the patients will like to 
continue afterwards. The improvement in physical endurance can only be re-
tained if some activities are continued after the rehabilitation period. 
Patients are therefore advised to keep active after discharge. Moreover, 
the possibility has been created to continue a training programme during 
one or two hours a week in a gymnasium under the supervision of a physio-
therapist. This programme is accessible to all pulmonary patients. 
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Sauna twice a week is included in the rehabilitation programme. Sauna is 
considered a possibility to harden people against rapid temperature chan-
ges. Many pulmonary patients experience the stay in a sauna as a benefit. 
We investigated the influence of sauna on pulmonary function in COPD pa-
tients. This study demonstrated a significant improvement in FEV, in COPD 
patients during the sauna course. The day after the sauna the pulmonary 
function decreased to baseline level (1). 
5.2. THE MANAGEMENT TEAM 
The management team consists of a chest physician, a social worker, a psy-
chologist, a nurse, physical trainers and a physiotherapist. 
The chest physician and the nurse are responsible for the daily medical 
supervision and medical health education. The social worker takes care of 
aspects such as social insurance, change in profession and adaptations in 
life situations as a consequence of the disease. 
Each patient has an appointment with the psychologist at the start of 
the rehabilitation programme. If necessary psychotherapy is given, but only 
with the patient's consent. When it Is relevant, the relatives of the pa-
tient are also invited. 
Physical trainers are engaged to improve the physical endurance, the 
muscular force, and the skills and coordination. Furthermore, they teach 
the patients new sports and play an important part in changing the pa-
tient's attitude towards sports. 
Physiotherapists treat sports Injuries and give the patients relaxation 
exercises as well as breathing exercises and instructions. 
Problems and progress of the patients are discussed by the complete ma-
nagement team once a week. Two weeks after the start of the programme the 
management team decides whether it is worthwhile to continue the treatment. 
The patients themselves also have the possibility to decide to stop after 
two weeks. 
Once a month the team, a vocational counsellor and a doctor of the so-
cial Insurance meet to discuss the patients. Possibilities and problems 
with regard to the work situation are discussed. Special attention is paid 
to environmental circumstances during working hours. 
When the nutritional pattern was suspect, a dietician was consulted for 
an exact food intake and for a correction of the diet pattern, if neces-
sary. 
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5.3. TRAINING DURATION AND INTENSITY OF THE REHABILITATION PROGRAMME* 
5.3.1. Introduction 
Up to now little is known about the intensity (and the capacity to increase 
aerobic power) of the rehabilitation programme for pulmonary patients as 
employed in the Medical Centre Dekkerswald. Therefore the intensity and 
duration of the pulmonary rehabilitation programme were studied, using the 
Sporttester PE 3000 S (Polar Electro, Finland) (2,3). 
5.3.2. Patients and Methods 
In 12 patients (7 males and 5 females) heart rate during exercise was moni-
tored with the PE 3000 S (Polar Electro Finland) during the second week of 
the programme. Their age varied from 20 to 59 (mean 34.8 SD 11.6). All pa-
tients requested to take part in this study gave their consent. 
Mean heart rate per minute was recorded during the following exercises: 
Coopertest, swimming, cycling (both outdoors and on an ergometer), walking, 
rowing on a rowing trainer and during various sports (soccer/tennis/ 
hockey/volley/badminton). These exercises are part of a rehabilitation pro-
gramme of 38 hours a week. The heart rate during other exercises, such as 
breathing exercises, suppleness exercises, was not recorded, because car-
diorespiratory improvement may not be expected. Neither was the heart rate 
recorded during exercises in which isometric contraction of large muscle 
groups was predominant, since the high heart rates reached with these exer-
cises are not related to a proportional increase in aerobic exertion. 
Heart rate was monitored with the Sporttester PE 3000 S. A belt with a 
transmitter Is fixed on the patient's chest. The receiver can be carried 
around the wrist like a watch. It is possible to mark the start and the end 
of each exercise by pressing a button on the receiver. At the end of each 
day the registered data, saved by the memory of the receiver, were printed 
in graphic display (fig. 5.1). it is also possible to transmit data to a 
computer by means of an interface. 
The PE 2000, which does not differ substantially from the PE 3000 S, has 
been thoroughly examined and analysed and Is considered a reliable device 
(2,3). 
* P.L.M.L. Wielders, N.J.M. Cox, R.A. Blnkhorst. Published In Dutch in 
"Geneeskunde en Sport" 1988; 4: 114-116. 
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The PE 3000 S registration started at eight o'clock every morning. Heart 
rate was monitored every minute. Total registration time was called TMT. 
The type of the exercises performed was also recorded. 
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Figure 5.1. Registration example of the Sporttester PE 3000 S. 
The dashed lines indicate 100%, 85% and 70% of the predicted 
maximal heart rate respectively. 
Time of start and end of exercise bouts is printed out in the 
registration. 
With the use of these data we determined the time of exercise in which the 
heart rate exceeded 70% of the predicted age-specific maximal heart rate 
(HRmax=220-age). This time was called "net practice time". As the patients 
could have a respiratory limitation they would not reach the range of their 
age-specific HRmax. For that reason we deliberately did not refer to the HR 
at the highest individually reached load. 
It Is commonly accepted that an Increase in aerobic power will be ob­
tained by exercising at least three times a week for 30 minutes reaching a 
heart rate exceeding 70% of the HRmax (6-10). 70% of HRmax is equal to 50% 
of the V02max (4). 
5.3.3. Results 
The results are mentioned in table 5.II. The remarkable interindividual va­
riation of the practice time and the net practice time can be explained by 
different programmes In different weeks caused by weather conditions, by 
visits to physician, physiotherapist or psychologist, or by different moti­
vation and perseverance. 
-89-
The Coopertest (5,6), meant to be used as a test in the strict sense of 
the word, proved to be very intensive, except for patient no. 5. 
Both cycling on an ergometer with a load of above 70% of the age-speci-
fic maximal heart rate and outdoor cycling appear to contribute substan-
tially to the training intensity. On the other hand, walking - as expected 
- hardly contributed to the training intensity, except for patient no. 3. 
Probably this was due to her obesity. 
Swimming obviously does not contribute a great deal, but this was not to 
be expected because of the kind of training: the most important aspect was 
to learn to perform the right stroke rather than to increase aerobic power, 
except for the training of patient no. 1. 
Sports play an important part in the contribution to net practice time, 
especially badminton and tennis. Other ball games can hardly be expected to 
contribute to an increase in aerobic power in the programme. 
5.3.4. Discussion 
The assessment of the training intensity of a programme is no sinecure. The 
many studies about training and assessment of training intensity teach us 
that the most difficult part of the research is the execution of the method 
(7-9, 11-13). And then there is also the problem of the interpretation of 
the results: is the programme intensive enough to reach its training goals? 
Measuring oxygen uptake or heart rate directly raises a few problems: 
reduced mobility of the patient, interruption of data transmission by mo-
tion, and the fact that recording and analysing the results takes a lot of 
time. These problems are even more distinct during swimming. 
The heart rate device we used hardly imposed these restrictions. The pa-
tients explained that they did not experience any inconvenience. An inter-
ruption of the data transmission occurred in only 2% of the swimming time 
measured. This was due to a film of water between body and electrodes. Dur-
ing the other exercises this interruption occurred in less than one thou-
sandth of the time measured. The start and end of an exercise were automa-
tically registered by the receiver, so that it was not necessary to time 
the exercises by hand. Thanks to the rapid registration and analysis a lot 
of time was saved. It is our opinion that this type of Sporttester suits 
the assessment of the training intensity of our programme. It is well-known 
that training three times a week for 30 minutes with a heart rate exceeding 
70Z of the maximal heart rate increases the aerobic power (7,11). These re-
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Table 5.II. Minutes of each part of the programme in which heart rate was 
higher than 70% of the predicted maximal heart rate (= net 
practice time, minutes/week). 
Pat. Age Sex С CY CY(o) R S W Sp NPT PT * TMT 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
59 
37 
20 
46 
26 
25 
39 
25 
26 
29 
52 
33 
M 
F 
F 
M 
M 
M 
F 
F 
M 
M 
F 
M 
11 
10 
-
11 
4 
12 
12 
10 
11 
12 
10 
— 
85 
82 
79 
58 
51 
80 
39 
51 
68 
51 
77 
92 
109 
-
68 
-
43 
110 
-
3 
27 
23 
-
52 
29 
21 
15 
24 
32 
6 
1 
1 
7 
9 
0 
21 
63 
0 
0 
-
15 
41 
4 
0 
0 
22 
7 
25 
2 
3 
58 
0 
23 
6 
0 
0 
0 
0 
1 
0 
85 
21 
71 
30 
14 
57 
34 
21 
12 
62 
77 
122 
384 
137 
291 
123 
182 
324 
90 
86 
125 
179 
172 
312 
689 
566 
414 
246 
426 
572 
261 
350 
431 
652 
491 
686 
55.7 
24.2 
70.2 
50.0 
42.7 
56.6 
34.5 
24.6 
29.0 
27.5 
35.0 
45.5 
2058 
1548 
1442 
1615 
1415 
1804 
805 
1196 
1486 
1683 
1681 
1812 
18.7 
8.9 
20.2 
7.6 
12.9 
18.0 
11.1 
7.2 
8.4 
10.6 
10.2 
17.2 
С = Cooper test 
Су = cycling with fixed load 
CY(o) = cycling outdoors 
R = rowing 
S = swimming 
W = walking 
Sp = sports (e.g. badminton, tennis) 
NPT = net practice time (minutes/week with HRS70% HRmax) 
PT = practice time (minutes/week) 
TMT = total measured time (minutes/week) 
* net practice time / practice time χ 100% 
** net practice time / total time χ 100% 
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suits Indicate that the pulmonary rehabllltaton programme produces an ade-
quate degree of training intensity, capable of increasing aerobic power. 
The patients exceeded 70% of HRmax during a mean of 200 minutes a week 
(ranging from 86 to 384 minutes). 
5.3.5. Conclusions 
The most important conclusions of this study are the following: 
- the pulmonary rehabilitation programme provides an adequate degree of 
training intensity and duration capable of increasing aerobic power. 
- measuring heart rate during a rehabilitation programme using the Sport-
tester PE 3000 S is a handy method and does not give any inconvenience to 
the patients. An interruption of data transmission during swimming occur-
red in only 2% of the time measured. During other exercises this occurred 
in less than one thousandth of the time measured. 
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CHAPTER 6 
EFFECTS OF THE REHABILITATION PROGRAMME 

6. EFFECTS OF THE REHABILITATION PROGRAMME 
As described in Chapter 1, one of the specific tasks of this study was to 
investigate whether the rehabilitation programme induces changes in symp-
toms, pulmonary function, bronchial hyperresponsiveness, physical condi-
tion, anthropometrical status, psychological functioning, social parame-
ters, daily activities, way of life, consumption of medical care and 
smoking. In this chapter the results for initial values and for the changes 
in time compared to the initial value are presented. For the method of data 
processing and analysis, see 4.2. 
6.1. SYMPTOMS 
6.1.1. Dyspnoea 
A sum total score was made for dyspnoea (range 4-20). This sum score was 
composed of the following four items: - dyspnoea in general; - dyspnoea at 
rest; -dyspnoea during exercise; - dyspnoea at night. For each item a five-
point scale was used (1 • no symptoms to 5 = severe symptoms) (see 4.4.1). 
The Cronbach's alpha amounted to 0.85 on the four items at the start of the 
study. This points out a high Internal consistency of the items used. 
At the start of the study the mean sum score over the four items amoun-
ted to 9.2 + 0.4 in the rehabilitation group and to 8.5 + 0.5 in the con-
trol group (p > 0.10). These figures corresponded with a moderately severe 
sense of dyspnoea (table 6.1). The dyspnoea score improved significantly 
during rehabilitation. At the measurement point 6 months after the start of 
the study there was a significant decrease in the score of dyspnoea in the 
rehabilitation group in comparison with the control group (table 6.1, fig. 
6.1). At the measurement points later on in the study this significant dif-
ference disappeared. 
6.1.2. Allergic complaints 
A sum score (range 3-15) was made of the following three items: complaints 
of Increase in dyspnoea and cough by contact with grass pollen, with house 
dust and/or with animals (dog, cat, etc.). Again a five-point scale was 
used (1- no complaints to 5 = severe complaints). The Cronbach's alpha 
amounted to 0.77 on the three items at the start of the study. At the start 
of the study the mean sum scores in both groups were not significantly dif-
ferent (8.6 + 0.8 in the rehabilitation group versus 8.2 + 0.8 in the con-
trol group). At all measurement points later on in the study no significant 
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Table 6.1. Symptom scores at the start of the study, and the changes at the measurement points later on. 
PARA­
METER 
Sum acore 
dyspnoea 
Sum score 
allergy 
Sum score 
hyperresp. 
Coughing 
Sputum 
production 
Days at home 
for dyspnoea 
Group 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
44 9.2 0.4 
43 8.5 0.5 
19 8.6 0.8 
27 8.2 0.8 
44 9.9 0.5 
43 10.3 0.6 
44 1.8 0.1 
43 1.8 0.2 
43 1.7 0.1 
41 1.7 0.1 
42 18.6 2.1* 
40 9.8 2.4 
Changes after 
3 months 
η Mean SEM 
44 -1.6 0.4*** 
19 -1.0 0.4 * 
44 -0.8 0.4 * 
44 -0.0 0.1 
43 -0.0 0.1 
Changes after 
6 months 
η Mean SEM 
42 -1.4 0.4 * 
37 0.2 0.5 
17 -1.5 0.6 
23 -0.2 0.8 
42 -0.8 0.4 
37 -0.8 0.5 
42 -0.0 0.1 
36 -0.0 0.1 
41 0.3 0.1 
36 -0.0 0.1 
Changes after 
12 months 
η Mean SEM 
42 -0.3 0.4 
40 -0.4 0.4 
17 -1.0 0.5 
26 -1.8 0.5 
42 -0.4 0.4 
40 -0.6 0.5 
41 -0.1 0.1 
40 -0.2 0.2 
38 0.1 0.1 
39 0.1 0.1 
42 -15.7 2.1 * 
39 -7.3 2.5 
Changes after 
24 months 
η Mean SEM 
44 -1.3 0.4 
39 -0.3 0.4 
19 -0.2 0.5 
25 -0.6 0.5 
44 -0.1 0.4 
39 -0.1 0.5 
44 -0.1 0.1 
39 -0.0 0.2 
41 0.2 0.1 
35 0.1 0.1 
42 -16.6 2.0 * 
37 -8.5 2.4 
In the table the estimated mean + SEM and n, for initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p«0.05; ** p<0.01; *** p<0.001. 
DYSPNOEA SCOnS KLLSnGY 9СОАЖ 
HVPIIUIXSPOHSTVVHESS SCOPX DATS AT НОИЕ 
Figure 6.1. Symptom scores at the start of the study and at the measurement 
points during follow-up. The figure Is a visualization of the results as 
presented In table 6.1. At the lower part of the figures the significance 
levels are given for the differences between the rehabilitation group (—) 
and the control group (...) at the start of the study, for the changes 
within the rehabilitation group during rehabilitation, and for the changes 
of the rehabilitation group from baseline values to 6, 12 and 24 months In 
comparison to the changes In the control group, respectively. 
* p<0.05; ** p<0.01; *** p<0.001 
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changes In the sum score of allergic complaints occurred (table 6.1; fig. 
6.1). The results of the sum scores at the start of the study show that on 
average there were only moderate complaints of allergy. 
6.1.3. Hyperresponslveness complaints 
A sum total score (range 4-20) was made of the answers to the four ques-
tions If there was an Increase In dyspnoea or coughing caused by: 1. con-
tact with rapid changes in temperature, 2. contact with fog, 3. contact 
with smells of smoke, and 4. frying odours. 
Again a five-point scale was used for each item (1 = no complaints to 5 
" severe complaints). The Cronbach's alpha amounted to 0.75 on the four 
items at the start of the study. The sum score at the start of the study 
amounted to 9.9 + 0.5 in the rehabilitation group and to 10.3 + 0.6 in the 
control group (p>0.10). Three months after the start of the study there was 
a significant improvement In the rehabilitation group. Later on the changes 
in the rehabilitation group were not significantly different from the con-
trol group (table 6.1, fig. 6.1).The figures at the start of the study were 
corresponding with a moderately severe subjective perception of complaints 
with regard to the hyperresponslveness of the bronchial tree. 
6.1.4. Coughing 
The patients were asked about complaints of coughing. A five-point scale 
was used (1 = no coughing at all to 5 = very severe complaints of cough-
ing). At the start of the study the mean score was 1.8 + 0.1 in the reha-
bilitation group and 1.8 +_ 0.2 in the control group. During the whole study 
there was no essential shift in these figures (table 6.1). 
6.1.5. Sputum production 
The patients were asked to indicate the amount of sputum they produced per 
day. A four-point scale was used (1 = no sputum production at all to 4 » 
one coffee cup filled). The mean score at the start of the study was 1.7 jf 
0.1 in both groups. During the follow-up no essential changes occurred 
(table 6.1). The score of 1.7 corresponds with the amount of sputum that 
covers the bottom of a coffee cup. 
6.1.6. Days at home because of dyspnoea 
At the start of the study and at the measurement points after 12 and 24 
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months all patients were asked how many days they had stayed at home during 
the preceding year, especially because of dyspnoea. At the start of the 
study the figures were 18.6 + 2.1 days a year in the rehabilitation group 
and 9.8 + 2.4 days a year in the control group (table 6.1). This difference 
was significant (p<0.05). During the follow-up there was a significant de-
crease in days at home because of dyspnoea in the rehabilitation group In 
comparison to the control group at the measurement points after 12 and 24 
months (table 6.1, figure 6.1). 
6.1.7. Summary 
Summarizing, it may be concluded that pulmonary rehabilitation gives a 
transient improvement in the subjective feeling of dyspnoea and complaints 
of allergy and hyperresponsiveness. Furthermore, the number of days-at-home 
because of dyspnoea were significantly decreasing after pulmonary rehabili-
tation when both groups are compared. Complaints of coughing and sputum 
production did not change during pulmonary rehabilitation nor during the 
follow-up period. 
6.2. LUNG FUNCTION AND BRONCHIAL RESPONSIVENESS 
The results of lung function measurements of the rehabilitation group and 
the control group at the start of the study and the changes during the fol-
low-up period are presented in table 6.II. All lung function tests were 
performed during an optimal treatment with pulmonary medication. During 
this medication a mean moderate pulmonary obstruction remained, as ex-
pressed in the figures of FEV, and FEV, as a percentage of the vital capa-
city (VC). 
At the start of the study there was no significant difference in FEV, 
and VC between the two groups. After 6 and 12 months there was a signifi-
cant improvement in FEV, in the rehabilitation group; after 24 months the 
improvement had disappeared (figure 6.2). The FEV,, divided by VC, only 
reached a significant change after 6 months, while VC (% pred.) improved 
significantly at the measurement point at 12 months after rehabilitation. 
At the start of the study there was a significant difference between the 
two groups with regard to the FIV,. This difference was not of clinical im-
portance. During the follow-up period the FIV, improved for 12 months in 
the rehabilitation group, If the changes were compared with those in the 
control group. After 24 months there was no difference any more between the 
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Table 6.II. Lung function values at the start of the study and the changes during follow-up. 
PARA­
METER 
FEV1 (L) 
FEV, 
(Ζ pred.) 
FEV,/VC 
(Ζ) 
VC (L) 
VC 
(Ζ pred.) 
FIV1 (L) 
RV 
(Ζ pred.) 
TLC 
(Ζ pred.) 
P C2Q 
(mg/ml) 
Group 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
44 2.30 0.10 
43 2.35 0.12 
44 68.3 3.09 
43 68.8 3.68 
44 58.3 2.04 
43 57.1 2.43 
44 3.94 0.01 
43 4.22 0.01 
44 93.4 2.4 
43 97.4 2.8 
44 3.38 0.11 * 
43 3.75 0.13 
32 115.13 5.30 * 
32 130.17 6.05 
42 99.3 2.1 ** 
41 108.9 2.4 
43 2.71 0.50 
40 1.87 0.62 
Changes after 
3 months 
η Mean SEM 
44 0.09 0.09 
44 2.44 2.67 
44 0.09 1.77 
44 0.11 0.07 
44 2.2 1.7 
43 0.18 0.10 * 
28 -0.27 3.65 
39 1.54 1.12 
43 0.50 0.33 
Changes after 
6 months 
η Mean SEM 
43 +0.28 0.08 * 
39 -0.01 0.10 
43 8.07 2.30 * 
39 -0.45 2.86 
43 3.56 1.76 * 
39 -1.48 2.19 
43 0.22 0.07 * 
39 0.01 0.09 
43 5.3 1.7 
39 0.8 2.1 
43 0.29 0.11 * 
39 -0.14 0.13 
30 1.85 4.98 
29 -7.41 5.39 
38 3.77 1.34 ** 
37 -1.82 1.54 
42 0.91 0.43 
35 0.09 0.54 
Changes after 
12 months 
η Mean SEM 
38 0.21 0.07 * 
36 0.01 0.09 
38 6.43 2.08 * 
36 -0.40 2.52 
38 2.26 1.90 
36 -0.32 2.30 
38 0.22 0.07 ** 
36 -0.09 0.09 
38 4.9 1.7 * 
36 -1.1 2.0 
38 0.34 0.09*** 
36 -0.15 0.10 
28 -1.10 4.18 
24 -7.93 4.57 
35 2.37 1.20 ** 
34 -3.06 1.39 
39 -0.20 0.45 
35 -0.20 0.56 
Changes after 
24 months 
η Mean SEM 
43 0.09 0.08 
41 0.04 0.09 
43 2.69 2.31 
41 0.56 2.74 
43 -0.03 1.76 
41 -0.97 2.07 
43 0.16 0.06 * 
41 -0.03 0.07 
43 3.9 1.6 
41 0.3 1.9 
43 0.14 0.10 
41 -0.01 0.12 
31 0.24 3.84 
32 -9.83 3.96 
41 2.55 1.18 ** 
39 -3.53 1.37 
40 0.52 0.48 
32 -0.34 0.59 
In the table the estimated mean + SEM and n, for initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes In the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* P<0.05; ** p-0.01; *** p"0.001. 
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Figure 6.2. Lung function values and PC20 histamine at the start of the 
study and at the measurement points during follow-up. The figure is a vis­
ualization of the results as presented in table 6.II. At the lower part of 
the figures the significance levels are given for the differences between 
the rehabilitation group (—) and the control group (...) at the start of 
the study, for the changes within the rehabilitation group during rehabili­
tation, and for the changes of the rehabilitation group from baseline va­
lues to 6 f 12 and 24 months in comparison to the changes in the control 
group, respectively. 
* p<0.05; ** p<O.OL; *** p<0.001 
-103-
changes In the two groups. 
At the start of the study there was a significant difference between the 
two groups with regard to RV (% pred.) and TLC (% pred.). RV did not change 
during the follow-up period. There was a significant difference between the 
two groups with regard to changes in TLC, however. TLC values in both 
groups tended to the level of the normal predicted values. 
PCog histamine was used as a standard for the degree of aspecific bronchial 
hyperresponsiveness. The PC2Q histamine was identical In both groups at the 
start of the study and there was no significant difference between the two 
groups during the follow-up of 24 months when the changes in one group are 
compared to those in the other group (table 6.II, fig. 6.2). 
6.2.1. Summary 
The lung function measurements demonstrate an improvement of FEV, (% pred.) 
after 6 and 12 months of rehabilitation which points at a decrease in the 
bronchial airflow obstruction. This beneficial effect in the rehabilitation 
group disappeared after 24 months. 
Aspecific bronchial responsiveness expressed in PC20 histamine did not 
change during rehabilitation nor during follow-up. 
6.3. PHYSICAL TESTS 
To assess the effects of physical training, not only the chest physician 
is familiar with performing practical tests and measurements, but the phy-
siotherapists and physical trainers have been made familiar with this prac-
tice as well. Several of these assessments are included in this study. All 
the tests were performed in both groups of patients and repeated at each 
measurement point during the follow-up period of 24 months (see 4.3). 
6.3.1. Anthropometric measurements 
Body mass (kg) and body mass index (kg/m ) at the start of the study were 
comparable in both groups (table 6.Ill, figure 6.3). These parameters de-
creased in the first 12 months in the rehabilitation group. In the control 
group no changes occurred during the follow-up period. After 24 months no 
decrease in body mass in the rehabilitation group was present anymore. Fur-
ther, inspiratory and expiratory thorax circumferences were measured at the 
measurement points. The differences in thorax circumference at all measure-
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Table 6.III. Anthropometric data at the start of the study and the changes at the measurement points later on. 
PARA­
METER 
Sum of 
skinfolds 
(cm) 
Body fat 
(X) 
Body mass 
(kg) 
Body mass 
index 
(kg/m2) 
Group 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
34 7.2 0.3 * 
37 5.8 0.4 
35 30.1 0.6 * 
36 27.4 0.7 
36 74.9 15.5 
42 71.4 10.8 
36 24.9 3.8 
41 24.8 3.1 
Changes after 
3 months 
η Mean SEM 
30 -1.4 0.3 *** 
30 -2.3 0.4 *** 
31 -2.7 0.8 ** 
-0.8 0.3 
31 -0.8 0.3 ** 
Changes after 
6 months 
η Mean SEM 
21 -0.8 0.2 * 
31 -0.1 0.2 
21 -2.0 0.5 * 
30 +0.2 0.5 
23 -2.6 0.8 ** 
25 -0.6 0.7 
23 -0.9 0.3 ** 
34 -0.6 0.7 
Changes after 
12 months 
η Mean SEM 
26 -1.6 0.4 * 
25 -0.3 0.4 
26 -2.7 0.7 * 
25 -0.2 0.7 
27 -1.8 0.7 ** 
29 +1.3 0.8 
26 -0.7 0.3 ** 
28 +0.4 0.3 
Changes after 
24 months 
η Mean SEM 
30 -1.2 0.3 * 
29 -0.3 0.3 
31 -0.5 0.7 * 
28 +0.3 0.8 
31 +0.3 0.8 
33 +1.7 0.8 
30 +0.1 0.3 
32 +0.6 0.3 
In the table the estimated mean + SEM and n, for initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p«0.05·, ** p<0.01; *** p<0.001. 
BODY MASS <KG) 
BODY FAT (%) 
31 
24 
MONTHS 
Figure 6.3. Anthropometric data at the start of the study and at the mea-
surement points during the follow-up period. The figure Is a visualization 
of the results as presented In Table 6.III. At the lower part of the fig-
ures the significance levels are presented for the differences between the 
rehabilitation group (—) and the control group (...) at the start of the 
study, for the changes within the rehabilitation group during rehabilita-
tion, and for the changes of the rehabilitation group from baseline values 
to the values after 6, 12 and 24 months In comparison to changes In the 
control group, respectively. 
* p<0.05; ** p<0.01; *** p<0.001. 
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Table 6.IV. Differences between maximal inspiratory and maximal expiratory thorax circumference and 
changes in the difference during follow-up. 
PARA­
METER 
Change In 
thorax 
clrc.fer. 
(сш) 
Thigh 
clrc.fer. 
(сш) 
Group 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
30 4.5 0.4 
36 4.0 0.4 
28 49.3 0.5 
33 49.4 0.5 
Changes after 
3 months 
η Mean SEM 
25 -0.2 0.4 
23 -0.7 0.3 * 
Changes after 
6 months 
η Mean SEM 
16 -0.3 0.4 
30 -0.2 0.3 
13 -0.8 0.7 
26 -0.1 0.5 
Changes after 
12 months 
η Mean SEM 
17 -0.0 0.5 
24 -0.0 0.4 
17 -0.3 0.5 
22 +0.4 0.5 
Changes after 
24 months 
η Mean SEM 
17 -0.8 0.4 
29 -0.1 0.4 
22 -0.5 0.4 
26 -0.6 0.4 
In the table the estimated mean +_ SEM and n, for initial values and for the changes In time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p«0.05; ** p<0.01; *** p<0.001. 
ment points showed no relevant change. Also the thigh circumference was de-
termined; this parameter did not change either (table 6.IV). 
By skin fold thickness measurement the fat percentage of the body was 
assessed (see 4.3.1). At the start of the study both groups had quite a 
high percentage of fat. The figure of the rehabilitation group (30.1%) was 
significantly higher than that of the control group 27.4% (table 6.Ill, 
figure 6.3). After the rehabilitation period the percentage of body fat of 
the rehabilitation group decreased and the figures in the two groups during 
the follow-up period reached the same level. 
6.3.2. Ergometry 
All patients performed a maximal ergometer test at each measurement point. 
The most relevant data from these tests are summarized in table 6.V and 
figure 6.4. At the start of the study both groups differed only in ^ Emax at 
maximal load, while there was no difference in VO^max, Wmax, Wattage at 
[La"]=4.0 mmol/L (=WLa„4#o)» M a x· heart rate (HRmax), PaC^ and PaO^. 
During rehabilitation, VC^max, Wmax and W, ¿ Q increased significantly 
in the rehabilitation group in comparison to the control group. This physi-
cal improvement remained at all measurement points during the follow-up pe-
riod of 24 months. In the control group there was no relevant change at 
all. 
Heart rate at maximal load remained unchanged in comparison to the ini-
tial test, when the changes in both groups were compared. 
Bloodgas analysis showed that there were no changes in the PaCU and 
PaCO, at maximal load, and all values stayed within the normal range. Chan-
ges in maximal ventilation (VEmax) only reached a significant level after 6 
months. Later on, no significant differences in changes in comparison to 
the control group remained. 
The conclusion is that during pulmonary rehabilitation as well as during 
follow-up there is a strong significant improvement in endurance parameters 
such as tCUmax and W, л Q, if changes in both groups are compared. After 
the initial test the maximal heart rate did not change during follow-up. 
6.3.3. Cooper test 
All patients performed a Cooper test at all measurement points; they had 
to run or walk as long a distance as possible for 12 minutes, in a gymna­
sium. 
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Table 6.V. Ergometer parameters at the start of the study and their changes during follow-up. 
PARA- Group 
METER 
VOjmax 
(L/mln) 
ДМах load 
(w) 
Watt at 
[La") -
4.0 mmol/L 
Heart Rate 
max. load 
(beats/min) 
PaO, at max 
load (kPa) 
PaCOj at max 
load (kPa) 
VE at max 
load (L/mln) 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
41 2.18 0.03 
43 2.14 0.03 
42 0.0 0.0 
43 0.0 0.0 
29 133.5 4.5 
34 142.1 4.8 
42 165,9 2.8 
43 161.9 3.2 
42 12.0 0.3 
42 11.5 0.3 
42 4.78 0.12 
42 5.16 0.14 
42 79.2 1.92 * 
43 72.6 2.20 
Changes after 
3 months 
η Mean SEM 
41 +0.38 0.05*** 
42 +43.5 4.8 *** 
27 +39.3 6.9 *** 
42 +5.0 2.3 * 
40 -0.39 0.20 
40 +0.10 0.08 
42 +14.5 2.29 ** 
Changes after 
6 months 
η Mean SEM 
40 0.20 0.04 * 
39 +0.03 0.05 
41 +32.4 3.8 *** 
39 +5.0 4.6 
22 +29.3 6.9 ** 
28 -0.5 6.9 
40 +8.2 2.4 
39 +1.1 2.8 
40 +0.02 0.22 
37 +0.12 0.28 
38 -0.02 0.12 
38 -0.10 0.14 
41 +9.85 2.61 * 
39 -0.13 3.12 
Changes after 
12 months 
η Mean SEM 
40 +0.16 0.04 * 
41 -0.0 0.05 
41 +28.1 4.0 *** 
41 +4.3 4.5 
23 +24.1 7.1 * 
29 -5.3 7.6 
41 +2.1 3.2 
41 +0.9 3.6 
41 -0.15 0.26 
38 +0.34 0.30 
41 +0.08 0.10 
38 +0.10 0.12 
41 +5.33 2.29 
41 -0.37 2.60 
Changes after 
24 months 
η Mean SEM 
40 0.19 0.05 * 
41 0.02 0.05 
41 +22.4 4.3 *** 
41 -4.7 4.9 
26 +22.5 4.9 *** 
30 -17.4 5.5 
41 +2.5 2.4 
40 -0.1 2.8 
41 -0.41 0.25 
40 -0.05 0.13 
41 +0.16 0.11 
40 -0.05 0.13 
41 +4.86 2.35 
41 +3.00 2.67 
In the table the estimated mean + SEM and n, for Initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p<0.05; ** p<0.01; *** p<0.001. 
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Figure 6.4. Ergometer parameters at the start of the study and at the mea-
surement points during the follow-up period. The figure Is a visualization 
of the results as presented In table 6.V. At the lower part of the figures 
the significance levels are given for the differences between the rehabili-
tation group (—) and the control group (...) at the start of the study, 
for the changes within the rehabilitation group during rehabilitation, and 
for the changes of the rehabilitation group from baseline values to 6, 12 
and 24 months In comparison to changes in the control group, respectively. 
* p<0.05; ** p<0.01; *** p<0.001 
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Table 6.VI. Cooper test results at the start of the study and the changes in distance during follow-up 
(metres in 12 min.). 
PARA- Group 
METER 
Cooper RG 
test (m) CG 
Start of 
the study 
η Mean SEM 
43 1639 38.5 
43 1606 44.0 
Changes after 
3 months 
η Mean SEM 
40 +500.5 44.4 *** 
Changes after 
6 months 
η Mean SEM 
34 319.0 44.0 *** 
34 +38.5 49.5 
Changes after 
12 months 
η Mean SEM 
34 313.5 49.5 * 
34 + 77.0 60.5 
Changes after 
24 months 
η Mean SEM 
38 286 60.5 ** 
35 -16.5 71.5 
In the table the estimated mean + SEM and n, for Initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p<0.05; ** p<0.01; *** p<0.001. 
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Figure 6.5. Cooper test results at the start of the study and at the mea­
surement points during follow-up. The figure le a visualization of the 
results as presented In table 6.VI. At the lower part of the figures the 
significance levels are given for the differences between the rehabilita­
tion group (—) and the control group (...) at the start of the study, 
for the changes within the rehabilitation group during rehabilitation, and 
for the changes of the rehabilitation group from baseline values to 6, 12 
and 24 months In comparison to the changes In control group, respectively. 
* p<0.05; ** p<0.01; *** p«0.001 
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At the start of the study there was no difference between the groups. 
The distance that was run, was 1639 m in the rehabilitation group and 1606 
m in the control group (p>0.10). After rehabilitation the distance reached 
improved by 500.5 + 44.4 metres (table 6.VI, figure 6.5). During the fol-
low-up period there were significant differences in the changes between the 
two groups at all measurement points. Twenty-four months after the start of 
the study there was still an improvement of 286 metres in the distance 
reached in the rehabilitation group. In the control group no relevant chan-
ges occurred. 
6.3.4. Fitness, skills and muscle force 
6.3.4.1. Endurance 
An endurance score was determined by means of rope skipping and climbing 
wall bars. Prior to the calculation of the sum of the items each item was 
standardized by means of Z-scores. At the start of the study there was no 
difference in E-score (sum-score). During rehabilitation this score im-
proved considerably. At all measurement points later on there was a signi-
ficant improvement in the rehabilitation group compared to the control 
group (table 6.VII and fig. 6.6). 
6.3.4.2. Sargent jump 
Patients were asked to jump as high as possible. By fixing a tape measure 
on their waist, it was possible to measure the height they jumped. At the 
start of the study both groups jumped almost 30 cm high, after the rehabi-
litation the height of the jump increased by 5.1 cm on average. At the mea-
surement points later on, the increase of the height jumped in the rehabi-
litation group was less pronounced, but remained significantly higher than 
in the control group (table 6.VII and fig. 6.6). 
6.3.4.3. Coordination 
A coordination score was determined by summation of the Z-scores of the 
following three tests: beating balls into a circle drawn on the wall, 
throwing balls Into a basket, and walking over a balance beam. Cronbach's 
alpha amounted to 0.51 on the three items at the start of the study. At the 
starting point there were no differences between the two groups (p'O.lO). 
Rehabilitation improved the coordination score reached. Furthermore, at all 
measurement points later on a significantly better result was observed in 
the rehabilitated patients (table 6.VII and fig. 6.6). 
-113-
Table 6.VII. S t a r t i n g values of the parameters : endurance, Sargent jump, force , f l e x i b i l i t y and c o o r d i n a t i o n , 
and t h e i r changes a t the measurement points during follow-up. 
PARA- Group 
METER 
Endu­
rance 
(E-ecore) 
Sargent 
jump (cm) 
Coordi­
nation 
(E-score) 
Flexi­
bility 
(cm) 
Muscle 
Force 
(E-score) 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
RG 
CG 
Start of 
the study 
η Mean SEM 
38 -1.0 0.2 
38 -1.0 0.3 
42 29.4 1.0 
40 30.3 1.1 
37 -1.6 0.3 
40 -0.7 0.3 
41 57.3 4.8 
39 43.6 5.4 
38 -2.4 0.3 * 
37 -1.3 0.3 
Changes after 
3 months 
η Mean SEM 
36 2.1 0.3 *** 
40 5.1 1.0 *** 
36 2.7 0.3 *** 
38 14.1 3.5 *** 
35 4.6 0.4 *** 
Changes after 
6 months 
η Mean SEM 
32 1.9 0.2 ** 
26 0.4 0.3 
36 3.6 0.9 * 
34 0.7 1.0 
31 2.3 0.3 *** 
32 0.2 0.3 
36 12.7 3.8 
32 6.0 4.4 
30 3.9 0.4 *** 
36 0.4 0.4 
Changes after 
12 months 
η Mean SEM 
30 1.8 0.3 ** 
28 0.5 0.3 
36 2.9 0.8 * 
33 0.3 0.9 
30 2.1 0.4 * 
34 0.7 0.4 
34 3.4 4.9 * 
32 5.6 5.9 
27 3.7 0.4 *** 
27 1.1 0.5 
Changes after 
24 months 
η Mean SEM 
33 1.7 0.2 ** 
33 0.6 0.3 
40 4.6 1.0 * 
34 0.4 1.1 
33 2.0 0.3 * 
34 0.8 0.4 
38 -0.6 5.4 
31 2.4 6.4 
34 3.2 0.3 *** 
29 0.7 0.4 
In the tab le the est imated mean + SEM and n, for i n i t i a l values and for the changes in time compared to 
the i n i t i a l value are presented. P-values are given for the di f ferences between the r e h a b i l i t a t i o n group 
(RG) and the c o n t r o l group (CG). At the measurement point 3 months a f t e r the s t a r t of the study the P-
value i s given for changes in the r e h a b i l i t a t i o n group. At the measurement point 3 months a f t e r the s t a r t 
of the study the paired t - t e s t was used. At a l l other measurement po int s P-values were assessed by co-
variance analys is . 
* p<0.05; * * p<0.01; * * * p<0.001. 
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Figure 6.6. Initial values of the parameters endurance, Sargent jumpe, co-
ordination, flexibility and muscle force at the start of the study and at 
the measurement points during follow-up. The figure is a visualization of 
the results as presented in table 6.VII. At the lower part of the figures 
the significance levels are given for the differences between the rehabili-
tation group (—) and the control group (...) at the start of the study, 
for the changes within the rehabilitation group during rehabilitation, and 
for the changes of the rehabilitation group from baseline values to 6, 12 
and 24 months In comparison to changes in the control group, respectively. 
* p<0.05; ** p<0.01; *** p<0.001 
-115-
6.3.4.4. Flexibility 
Flexibility was assessed by means of the distance that patients could bend 
forward out of a normal sitting position with their legs stretched forward. 
They were asked to push away a small board during a forward-bending move-
ment. The distance the board was pushed forward was measured in centime-
tres. At the start of the study both groups had the same flexibility score 
(p>0.10). After 3 months of rehabilitation there was a significant improve-
ment of 4.1 cm. At the measurement points later on there was only a signi-
ficant improvement in the rehabilitation group at the measurement point af-
ter 12 months, when the changes in both groups were compared (table 6.VII 
and fig. 6.6). 
6.3.4.5. Muscle Force 
A muscle force score was determined by summation of Z-scores of the follow-
ing four tasks: lifting heavy bars, push-ups, transporting a ball from one 
basket to another, 5 metres apart, with a ball between the feet while hang-
ing on a rope, and bending forwards out of a lying position. The Cronbach's 
alpha amounted to 0.57 on the four tasks at the start of the study. The re-
habilitation group had a significantly lower score at the start of the 
study (p<0.05). After 3 months of rehabilitation the patients improved sig-
nificantly in comparison to their initial level. At the measurement points 
during the follow-up period, the mean change in score in the rehabilitation 
group was continuously significantly better than in the control group. Even 
after two years there was still a significant increase in this score (table 
6.VII and fig. 6.6). 
Furthermore, the isometric force of the flexion muscles of the upper 
part of the body and the arm and quadriceps muscles of the legs was mea-
sured by means of equipment based on strain gauges. At the start of the 
study there was no significant difference in force in any of the above-
mentioned muscle forces (table 6.VIII). During rehabilitation all muscle 
groups improved strongly. At the measurement point 6 months after the start 
of the study all changes in the rehabilitation group were significantly 
higher than in the control group. In the long term this improvement remai-
ned significant for the knee extension muscles at the measurement point 12 
months after the start of the study and for the upper body flexion muscles 
at the measurement point after 24 months, if both groups were compared 
(table 6.VIII). 
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Table 6.VIII. Muscle strength (kgf) of arm flexion, knee extension, upper body flexion and back extension 
at the start of the study, and the changes during follow-up. 
PARA- Group 
METER 
Arm fie- RG 
xlon CG 
(kgf) 
Knee ex- RG 
tension CG 
(kgf) 
Upper body RG 
flexion CG 
(kgf) 
Back ex- RG 
tension CG 
(kgf) 
Start of 
the study 
η Mean SEM 
34 26.6 0.9 
40 28.2 0.9 
35 36.4 2.4 
40 43.0 2.5 
35 59.8 2.6 
40 66.3 2.7 
35 60.7 3.3 
39 64.8 3.5 
Changes after 
3 months 
η Mean SEM 
27 3.7 1.1 ** 
29 5.2 1.7 ** 
29 12.0 2.8 *** 
29 10.6 4.1 * 
Changes after 
6 months 
η Mean SEM 
22 4.5 1.7 * 
30 0.4 1.5 
22 9.6 2.5 * 
31 2.7 2.3 
33 11.3 3.2 * 
31 0.5 2.9 
23 9.7 3.3 * 
30 0.5 3.0 
Changes after 
12 monthe 
η Mean SEM 
27 2.4 1.4 
0.5 1.3 
29 8.4 2.4 * 
1.4 2.4 
29 9.8 2.7 
2.9 2.8 
29 10.1 4.7 
5.6 4.7 
ι 
Changes after 
24 months 
η Mean SEM 
22 3.5 1.1 
30 1.4 1.1 
22 8.8 1.8 
31 5.5 1.8 
33 11.9 2.5 * 
31 3.5 2.5 
23 10.4 3.6 
30 3.5 3.7 
In the table the estimated mean + SEM and n, for initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p<0.05; ** p<0.01; *** p«0.001. 
6.3.5. Dally activity tests 
6.3.5.1. Cycling 
Patients were asked how frequently they cycled: never, sometimes, fre-
quently, or often. "Never" was scored as a one (1), "sometimes" as a two 
(2), "frequently" as a three (3) and "often" as a four (A). At the start of 
the study there was no difference between the two groups. The means amoun-
ted to 2.3 + 0.1 In the rehabilitation and to 2.4 + 0.2 in the control 
group (p>0.10) (table 6.IX). At all measurement points during the follow-up 
period significant changes in cycling habits occurred, when the two groups 
were compared (table 6.IX, figure 6.7). The patients of the rehabilitation 
group increased their cycling frequency. 
6.3.5.2. Leisure time activities 
The degree of daily activities was assessed by asking two questions: 1. The 
patients were asked whether they spent their leisure time reading, walking, 
watching TV, visiting family, playing cards, etc. If the answer was "no", 
the score was a one (1), if "yes", the score was a two (2); 2. Furthermore, 
they were asked whether they performed physical activities for more than 30 
minutes a day in their leisure time (e.g. walking, cycling, working in the 
garden, shopping, etc.). Again a one (=no) or a two (=yes) were used as 
scores. A sum score was composed of these two questions (range 2-4). 
The patients of the rehabilitation group had a lower score than the con-
trols (table 6.IX, figure 6.7). At all measurement points later on in the 
study there was a significant increase in daily physical activities in the 
rehabilitation group when compared to the control group. 
6.3.5.3. Experienced dally workload 
A sum score was composed of the following questions: "Does your work demand 
a great physical strength?" and "Do you experience great mental stress dur-
ing your work?" Each question had a 1 (=no), a 2 ("moderate) or a 3 (»yes) 
score. Thus the range of the sum score was 2 to 6. At the start of the 
study the scores were comparable, with 3.6 +_ 0.3 for the rehabilitation and 
3.0 + 0.3 for the control group (table 6.IX, figure 6.7). At all measure-
ment points during the follow-up period there were no significant changes, 
If the developments within the two groups were compared. 
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Table 6.IX. Scores of cycling, leisure time activities and experienced daily workload, at the start 
of the study, and the changes during follow-up. 
PARA- Group 
METER 
Cycling RG 
CG 
Leisure RG 
activities CG 
Exp. work- RG 
load CG 
Start of 
the study 
η mean SEM 
29 2.3 0.1 
25 2.4 0.2 
19 3.0 0.1 
26 3.5 0.2 * 
29 3.6 0.3 
26 3.0 0.3 
Changes after 
3 months 
η mean SEM 
23 0.5 0.1 *** 
23 0.7 0.1 *** 
23 -0.2 0.2 
Changes after 
6 months 
η mean SEM 
17 0.6 0.1 ** 
23 0.1 0.1 
17 0.5 0.2 ** 
23 -0.4 0.2 
17 -0.5 0.3 
21 0.3 0.4 
Changes after 
12 months 
η mean SEM 
19 0.6 0.2 * 
23 0.2 0.1 
19 0.5 0.1 ** 
23 -0.2 0.2 
19 0.4 0.3 
23 0.1 0.4 
Changes after 
24 months 
η mean SEM 
25 0.5 0.1 * 
20 -0.0 0.2 
25 0.5 0.2 * 
20 -0.1 0.2 
25 0.0 0.3 
20 -0.0 0.4 
In the table the estimated mean +_ SEM and n, for initial values and for the changes in time compared to 
the initial value are presented. P-values are given for the differences between the rehabilitation group 
(RG) and the control group (CG). At the measurement point 3 months after the start of the study the P-
value is given for changes in the rehabilitation group. At the measurement point 3 months after the start 
of the study the paired t-test was used. At all other measurement points P-values were assessed by co-
variance analysis. 
* p«0.05; ** p<0.01; *** p<0.001. 
CYCLING 
3 S' 
О 3 β 
EXPERIENCED DAILY WORKLOAD 
3 0 
Figure 6.7. Scores of cycling, leisure activities and experienced dally 
workload at the start of the study and at the measurement points during 
follow-up. The figure Is a visualization of the results as presented In 
table 6.IX. At the lower part of the figures the significance levels are 
given for the differences between the rehabilitation group (—) and the 
control group (...) at the start of the study, for the changes within the 
rehabilitation group during rehabilitation, and for the changes of the re­
habilitation group from baseline values to 6, 12 and 24 months in compari­
son to the changes in the control group, respectively. 
* p<0.05; ** p<0.01; *** p«0.001 
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6.3.6. Sumaary: results of physical tests 
Concerning body mass and body fat this study shows that after the pulmonary 
rehabilitation programme, body mass remained the same, but body fat de-
creased. 
Differences between maximal Inspiratory and maximal expiratory thorax 
circumference and thigh circumference did not change significantly, if the 
two groups were compared. 
Performance in a maximal ergoraeter test increased significantly during 
rehabilitation and did not disappear during follow-up. Furthermore, the ca-
pacity to walk or run as long a distance as possible In 12 minutes (Cooper 
test) Increased significantly In the rehabilitation group. This improvement 
remained significant during the follow-up of 24 months, when the results 
were compared with the control group. 
Endurance, jumping force and coordination also improved during rehabili-
tation and remained significantly better during follow-up in the rehabili-
tation group in comparison to the control group. The test for flexibility 
showed no improvement in the longer term. 
Muscle force measured by a summation of Z-scores of lifting bars, push-
ups and transporting balls hanging on a rope, improved significantly in the 
rehabilitation group. The increase in cycling frequency and leisure time 
activities in the rehabilitation group remained significant when compared 
to the changes in the control group at all measurement points during the 
follow-up period of 24 months. 
Experienced workload did not change in either of the two groups. 
6.4. PSYCHOLOGICAL PARAMETERS 
Four psychological parameters were assessed using a questionnaire which was 
a modified version of the medical psychological questionnaire by R.A. Erd-
man. In this way it was possible to separate and assess well-being, expe-
rienced invalidity, displeasure and social inhibition at the start of the 
study and during follow-up. The range of the scores for well-being and ex-
perienced invalidity was 12 to 36, for displeasure 10 to 30, and for social 
inhibition 6 to 18. The Cronbach's alpha amounted to 0.93, 0.84, 0.78 and 
0.68 for the above-mentioned psychological parameters, respectively, at the 
start of the study. 
At the start of the study there was only a significant difference In 
displeasure between the groups (p<0.001). Well-being, experienced inval idi-
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Table 6.x. Values of wel l-being, experienced i n v a l i d i t y , d i s p l e a s u r e and s o c i a l i n h i b i t i o n a t the s t a r t 
of the study, and t h e i r changes during follow-up. 
PARA- Group 
METERS 
Well- RG 
being CG 
Exper. RG 
inval. CG 
Dis- RG 
pleasure CG 
Social RG 
inhib. CG 
Start of 
the study 
η Mean SEM 
44 21.0 1.1 
43 24.1 1.2 
44 28.3 0.8 
43 26.7 0.9 
44 20.7 0.8 *** 
43 15.4 0.9 
44 12.4 0.5 
43 11.6 0.5 
Changes after 
3 months 
η Mean SEM 
44 9.11 1.43 *** 
44 -7.20 0.97 *** 
44 -3.57 0.69 *** 
44 -0.73 0.28 * 
Changes after 
6 months 
η Mean SEM 
42 5.5 1.3 ** 
37 -1.0 1.6 
42 -6.1 0.9 *** 
37 -0.8 1.1 
42 -3.1 0.8 * 
37 -0.5 1.0 
42 -0.3 0.4 
37 0.7 0.5 
Changes after 
12 months 
η Mean SEM 
42 5.0 1.3 
39 1.5 1.6 
42 -5.6 1.0 * 
39 -1.5 1.2 
42 -3.2 0.8 * 
39 -0.5 0.9 
42 -0.6 0.5 
39 -0.1 0.6 
Changes after 
24 months 
η Mean SEM 
43 6.1 1.2 * 
39 2.1 1.3 
43 -5.6 1.1 * 
39 -1.0 1.3 
43 -4.4 0.7 ** 
39 -1.3 0.8 
43 -0.6 0.4 
39 -0.1 0.5 
In the table the estimated mean + SEM and n, for i n i t i a l values and for the changes in time compared to 
the i n i t i a l value are presented. P-values are given for the di f ferences between the r e h a b i l i t a t i o n group 
(RG) and the c o n t r o l group (CG). At the measurement point 3 months a f t e r the s t a r t of the study the P-
value i s given for changes in the r e h a b i l i t a t i o n group. At the measurement point 3 months a f t e r the s t a r t 
of the study the paired t - t e s t was used. At a l l o ther measurement points P-values were assessed by co-
var iance a n a l y s i s . 
* p<0.05; * * p<0.01; * * * p<0.001. 
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Figure 6.8. Values of well-being, experienced Invalidity and displeasure 
at the start of the study and at the measurement point during follow-up. 
The figure Is a visualization of the results as presented In table 6.X. At 
the lower part of the figures the significance levels are given for the 
differences between the rehabilitation group (—) and the control group 
(...) at the start of the study, for the changes within the rehabilitation 
group during rehabilitation, and for the changes of the rehabilitation 
group from baseline values to 6, 12 and 24 months In comparison to the 
changes In the control group, respectively. 
* p«0.05; ** p<0.01; *** p<0.001 
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ty and social Inhibition did not differ at the start of the study (p>0.10). 
The results of the psychological questionnaire are tabulated In table 6.X 
and are shown in figure 6.8. 
All parameters examined improved significantly during the rehabilita­
tion programme. Experienced invalidity and displeasure improved signifi­
cantly at all measurement points in the rehabilitation group during follow-
up, when compared to the control group. Well-being improved significantly 
at the measurement points after б and 24 months in the rehabilitation group 
when changes were compared to the control group. Social inhibition showed 
no change at any measurement point. 
From the data it may be concluded that in patients following a pulmonary 
rehabilitation programme some important psychological parameters such as 
well-being, experienced invalidity and displeasure, improve for a long 
period of time. 
6.5. SOCIAL PARAMETERS 
At the start of the study 22 patients of the rehabilitation group worked 
and 6 patients were at school or studied at the university, 8 did the 
housekeeping and 8 patients were paid by social insurances. In the control 
group 23 patients worked at the start of the study, 8 did the housekeeping, 
3 were at school or studied at the university and 9 were paid by social 
insurances. So the groups were comparable in their working situation. 
By means of questionnaires the patients were asked how many days a week 
they worked. At the start of the study the patients worked 2.1 + 0.4 days a 
week in the rehabilitation group and 3.3 +_ 0.5 days a week in the control 
group (p'O.lO). At the measurement points during the follow-up period there 
was only a significant change In the rehabilitation group, when compared to 
the control group, at the measurement point after 24 months. In the rehabi­
litation group the number of days worked Increased to 3.4 +_ 0.4 days a week 
at the measurement point after 24 months, whereas in the control group this 
figure decreased to 2.9 +_ 0.4 days a week (p<0.05). 
Furthermore, the patients were asked how many hours they slept per day. 
In these figures no changes occurred in the two groups during the whole 
study. 
The patients were also asked whether they changed their job, whether 
they got professional help in learning another profession and whether they 
changed something In their houses because of their disease. Two of the 23 
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patients In the rehabilitation group changed their job during the study, 
while In the control group there were 3 out of 21. 
Seven of the 23 patients who responded to these questions answered that 
they had got professional help In learning a new profession. In the control 
group this figure was 7 out of 21, 
Fifteen of the 23 patients In the rehabilitation group changed something 
In their houses because of their disease, while In the control group there 
were 12 out of 22. 
At the start of the study none of the patients of the rehabilitation 
group worked as a volunteer, but at the measurement point after 24 months 4 
patients worked as volunteers; in the control group 4 patients were volun-
teers at the start of the study, after 24 months there were only 2 left. 
The use of facilities to learn another profession as well as changes in 
the houses because of the disease, were not different between the two 
groups in this study. 
6.6. CONSUMPTION OF MEDICAL CARE 
At the start of the study and at the measurement points after 12 and 24 
months, the patients were asked how many times during the preceding year 
they had visited their general practitioner for dyspnoea reasons, and how 
many days they had been admitted to a hospital for dyspnoea reasons during 
the same period (table 6.XI, fig. 6.9). 
6.6.1. General practitioner 
With regard to the visits to the general practitioner (G.P.) there was a 
significant difference in visits between the two groups at the start of the 
study. The rehabilitation group visited the general practitioner 3.7 + 0.4 
times a year, while in the control group this figure was 1.4 + 0.5 times a 
year (p<0.001). During the follow-up of 24 months the consulting frequency 
decreased In the two groups, but between the groups no significant diffe-
rences occurred (table 6.XI, fig. 6.9). 
6.6.2. Visits to chest physician 
The figures concerning the visits to a chest physician were comparable for 
both groups at the start of the study. During the follow-up there were no 
relevant changes in the number of visits to the chest physician (table 
6.XI). 
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VISITS GENERAL PRACTITIONER 
24 
MONTHS 
HOSPITALIZATION DAY 
12 
Figure 6.9. Visits to the general practitioner and the number of hospitali-
zation days at the start of the study and at the measurement points during 
follow-up. The figure Is a visualization of the results as presented In 
table 6.XI. At the lower part of the figures the significance levels are 
given for the differences between the rehabilitation group (—) and the 
control group (...) at the start of the study, and for the changes of the 
rehabilitation group from baseline values to 12 and 24 months In comparison 
to the changes In control group, respectively. 
* p<0.05; ** p<0.01; *** p«0.001 
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Table 6.XI. Consumption of medical care at the start of the study and 
the changes during follow-up. 
PARA- Group 
METER 
Visits RG 
to G.P. CG 
Visits RG 
to the CG 
chest ph. 
Hosp. RG 
days CG 
η 
43 
41 
43 
41 
42 
41 
Start 
the s 
Mean 
3.7 
1.4 
3.3 
2.3 
9.1 
2.2 
of 
tudy 
SEM 
0.4 ** 
0.5 
0.4 
0.4 
1.7 * 
1.9 
η 
43 
40 
45 
43 
42 
40 
Changes after 
12 months 
Mean SEM 
-1.9 
-0.7 
-0.4 
-0.0 
-6.4 
-0.8 
0.5 
0.6 
0.2 
0.2 
1.6 * 
1.8 
η 
43 
38 
45 
43 
42 
38 
Changes after 
24 months 
Mean SEM 
-2.3 
-1.1 
-0.6 
-0.1 
-9.0 
-2.2 
0.5 
0.6 
0.2 
0.2 
1.7 * 
2.0 
In this table the estimated mean + SEM and n, for initial values and for 
the changes in time compared to the initial values are presented. P-values 
are given for the differences between the rehabilitation group (CG) and 
the control group (CG). P-values were assessed by co-variance analysis. 
* p<0.05; ** p«0.01; *** p<0.001 
6.6.3. Number of days of hospitalization 
At the start of the study the figures concerning hospitalization days for 
dyspnoea reasons were different in the two groups: the rehabilitation group 
showed a significantly greater number of hospitalization days per year 
(9.1 + 1.7) than the control group (2.2 + 1.9; p<0.05) (table 6.XI; fig. 
6.9). At the measurement points after 12 and 24 months there was a sig­
nificant decrease in the number of hospitalization days in the rehabili­
tation group if compared to the control group (table 6.XI; fig. 6.9). 
6.6.4. Summary 
The conclusion is that regarding the effects of pulmonary rehabilitation In 
consumption of medical care, there is a decrease in admission days in a 
hospital because of dyspnoea. Figures of the frequency at which the general 
practitioner was consulted were decreasing in both groups, but there was no 
significant difference between the two groups. 
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6.7. USE OF PULMONARY MEDICATION 
At all measurement points the pulmonary medication used by the patients 
were registered: no, 1 or 2, or more than 2 spasmolytics, and also whether 
or not they used an inhalation corticosteroid. A sum score was composed 
by means of the following diagram (table 6.XII). 
Table 6.XII. Sum score diagram used for pulmonary medication use. 
SPASMOLYTICS INHALATION CORTICOSTEROIDS 
YES NO 
No 1 0 
1 - 2 3 2 
>2 5 4 
The mean sum score at the start was the same In both the rehabilitation 
group (3.4 + 0.1) and the control group (2.9 + 0.2) (p>0.10). The results 
of the sum scores at the measurement points during the follow-up period 
are presented in table 6.XIII. There were no significant changes between 
the groups in the follow-up period of 24 months. 
Table 6.XIII. Pulmonary medication at the start of the study and the 
changes during follow-up. 
PARA­
METER 
Pulm. 
medic. 
Group 
RG 
CG 
Start of 
the study 
η Mean SEM 
44 3.4 0.1 
43 2.9 0.2 
Changes 
after 6 
months 
η Mean SEM 
43 -0.2 0.1 
40 0.1 0.2 
Changes 
after 12 
months 
η Mean SEM 
42 0.0 0.2 
41 0.1 0.2 
Changes 
after 24 
months 
η Mean SEM 
44 -0.4 0.1 
41 -0.1 0.2 
In this table the estimated mean + SEM and n, for Initial values and 
for the changes In time are presented. P-values are given for the dif­
ferences between the rehabilitation group (RG) and the control group 
(CG). P-values were assessed by co-variance analysis. 
6.8. SMOKING HABITS 
At the start of the study 10 patients of the rehabilitation group (n»44) 
and 12 patients of the control group (n=43) were cigarette smokers. They 
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number of 5 
smokers 
start of t h e study 
number of 5 
smokers 
1-5 6 - 1 0 11-20 > 20 
I r e h a b . Q contr. cig./day 
a f t e r 12 m o n t h s 
ίΜ_ 
1 - 5 6 - 1 0 1 1 - 2 0 > 2 0 
number of Si 
smokers 
4-
3 
2 
1 
0-
• rehab. Zlcontr. ci g./day 
a f t e r 2 4 m o n t h s 
1 
,—1 1 1 1 1 1 j 1 - 5 6 - 1 0 1 1 - 2 0 > 2 0 
I r e h a b. ID contr. < :ig ./daj 
Figure 6.10. Cigarette smoking habits at the start of the study and at the 
measurement points during follow-up. 
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were divided into 4 categories: a) less than 5 cigarettes/ day; b) 6-10 
cigarettes/day; c) more than 10, but less than 20 cigarettes/day, and d) 20 
cigarettes/day and more. The results are presented in fig. 6.10. At the 
measurement point 12 months after the start of the study 5 out of ten 
smokers of the rehabilitation group had stopped smoking. No essential 
changes occurred in the control group. 
At the measurement point 24 months after the start of the study one pa-
tient of the rehabilitation group started smoking again. Furthermore, no 
relevant changes in comparison to the measurement point after 12 months oc-
curred. In retrospect, two people of the group that quitted smoking, smoked 
1 to 5 cigarettes a day and 2 smoked 11 to 20 cigarettes a day at the start 
of the study. 
As described in Chapter 5.1, it was absolutely forbidden to smoke during 
the rehabilitation programme. Furthermore, the patients were informed about 
the risks of cardiovascular and pulmonary disorders, such as deterioration 
of the pulmonary function and getting a pulmonary carcinoma. If they wan-
ted, they could have nicotine gum and professional psychological support in 
quitting. The people of the control group received the same Information and 
support. The difference in treatment between the two groups was probably 
the limited social influence within the control group and the fact that 
they only got specific help if they asked for it. 
The conclusion is that this part of the programme was successful in 40% of 
the smokers of the rehabilitation group. After 24 months only one patient 
of this group smoked more than 10 cigarettes a day, in contrast with the 
control group, in which five patients smoked more than ten cigarettes a day. 
6.9. GENERAL DISCUSSION 
The results of this study show that pulmonary rehabilitation in patients 
with asthma and COPD has beneficial effects on symptoms, pulmonary func-
tion, physical condition, muscle functions and psychological parameters. 
Some of these improvements persisted for a longer period, others disap-
peared. To judge the positive influences of pulmonary rehabilitation, it is 
important to scrutinize and interpret the data. 
In the rehabilitation group symptoms of dyspnoea decreased at the meas-
urement points 3 and 6 months after the start of the rehabilitation pro-
gramme. The pulmonary function data of FEV, point at a decrease in bron-
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chial obstruction after 6 and 12 months. Symptoms of dyspnoea are complex 
and are In general not related to pulmonary function data In asthma and 
mild COPD (Gilbert et al. 1964; Molema et al. 1989). In the present study 
the course in time of dyspnoea and FEV, are not related either. The tempo-
rary improvements in dyspnoea symptoms and FEV, are possibly the result of 
an improved compliance of the patient, e.g. reliable drug intake, better 
handling of the disease or quitting smoking. In this way pulmonary rehabi-
litation can influence the attitude of patients and the consequences of the 
disease. 
The long-term pulmonary function results are fully in accordance with 
the data in literature, viz. that pulmonary rehabilitation does not improve 
pulmonary obstruction (Alpert et al. 1974; Lertzman and Cherniack 1976; 
Belman and Wasserman 1981). 
Allergic complaints are relevant symptoms in patients with an allergic 
constitution. Nineteen of the 44 patients in the rehabilitation group and 
27 of the 43 patients in the control group were allergic. For both groups, 
but also for the allergic subgroups there was a low score with respect to 
allergic complaints, which can be the result of a good anti-allergic treat-
ment. It is not to be expected that in that case pulmonary rehabilitation 
would improve the complaints of allergy. 
Bronchial hyperresponsiveness complaints did not change during pulmonary 
rehabilitation, nor during follow-up. These results were in accordance with 
the results of the measurement of the aspecific bronchial responsiveness 
determined by the histamine provocation test. Bronchial hyperresponsive-
ness, expressed in PCOQ histamine, did not change during or after rehabili-
tation. Thus, an explanation can be that pulmonary rehabilitation does not 
decrease the complaints of exercise-induced bronchoconstriction (EIB). Ar-
borelius and Svenonlus (1984) concluded from their study in children with 
EIB that there was a significant decrease in EIB after training, implying 
that a decrease in airway sensitivity had occurred. This is not in accor-
dance with the results of the present study, nor with our clinical expe-
rience. 
The number of days at home because of dyspnoea decreased significantly 
in the rehabilitation group compared to the control group, measured 1 and 2 
years after the start of the study. Since there was a significant diffe-
rence at the start of the study, this observation can possibly be caused by 
regression to the mean. However, this probably has to be considered as a 
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rehabilitation effect, because at the same time psychological and physical 
parameters showed an improvement. 
Body mass remained the same, but body fat decreased after rehabilita-
tion. It is possible that fat tissue is decreasing in rehabilitated pa-
tients and muscle tissue (with a higher mass per volume) is increasing by a 
better general muscle condition (ffstrand and Rodahl 1988). 
There were no significant changes In thorax circumference and thigh cir-
cumference in the two groups, if the two groups were compared. After pulmo-
nary rehabilitation there was an evident change in VC and FEV, and muscle 
force of the legs. So, it may be concluded that measuring the thorax cir-
cumference and thigh circumference to assess lung function and muscle force 
in an easy way, as it is still done by some physiotherapists, has to be 
considered an obsolete method. 
After the initial bicycle ergometer test the heart rate at maximal work-
load did not change during the follow-up period. This supports the idea 
that improvement in maximal load is not a result of increase in interest or 
motivation or less fear of the test. The normal arterial oxygen and carbon 
dioxide pressures prove the statement that the patients were not restricted 
ventilatorily at the moment of testing. 
Increased maximal oxygen consumption and increased endurance are well-
known benefits after pulmonary rehabilitation (Chester et al. 1977; Belman 
and Wasserman 1981; Alpert et al. 1974). The results of our ergometer test 
and the Cooper test are In accordance with these results and furthermore, 
this study shows that the improvement gained, can be retained for a longer 
period of time. It is of great importance that the patients continue a 
higher degree of daily activities after the rehabilitation programme. Ques-
tionnaires concerning cycling habits and leisure time activities show that 
there was a significant increase in the above-mentioned issues indeed, 
which was continued at a significantly higher level during the whole fol-
low-up period. The Cooper test results and the maximal bicycle performance 
remain at a high level after rehabilitation and do not decline to the ini-
tial levels. 
The WT A Q significantly increased in the rehabilitation group after 
the initial test. This can be considered as an improvement in endurance as 
a result of the physical training during the rehabilitation programme. 
This may indicate that the muscles can produce aerobic energy at a higher 
intensity, i.e. a higher workload. 
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Because of the fact that ergometer and physical fitness tests in general 
show significant improvements after rehabilitation, it may be assumed that 
by improving the respective physical functions it will become easier to 
fulfil normal daily tasks. 
There was a partial incongruence between on the one hand muscle force 
measured by lifting bars, push-ups and transporting balls hanging on a 
rope, and, on the other hand, muscle force measured by equipment based on 
strain gauges. A possible explanation for this partial incongruence may be 
that forces measured by the first method are dynamic and not static (isome-
tric) as in the method with the strain gauges. It is well-known that corre-
lations between isometric and static muscle force measurements can be 
rather bad as a result of the training method used (Astrand et al. 1988). 
Furthermore, skills, coordination and endurance may confound the measuring 
of force by means of the first method. 
The fact that FIV, improved, might be explained by an increasing muscle 
force, since FIV, is partly muscle-effort dependent. 
Experienced daily workload was low in both groups at the start of the 
study (3.6 in the rehabilitation group and 3.0 in the control group on a 2 
to 6 scale). This might be an explanation for the fact that no evident 
changes occurred after rehabilitation. 
There is a significant improvement in well-being, experienced invalidity 
and displeasure. This is in accordance with the results of several other 
studies in this field (Morgan et al. 1983). No changes occurred in social 
inhibition, which may be due to the fact that this parameter measures a 
character feature rather than a psychological feeling. Compared to a study 
in 1649 heart patients (Erdman 1981), the patients in this study scored the 
same values. Only displeasure was high in the rehabilitation group (20.7 
+ 0.8) and low in the control group (15.4 + 0.9) in comparison to the 
above-mentioned study. A minimally changed version of this questionnaire 
was filled out by a large group of young bank employees (Rombouts et al. 
1986). Their scores were much higher with respect to well-being (32.5) and 
much lower with respect to experienced invalidity (16.0), displeasure 
(13.0) and social inhibition (11.0). 
The fact that patients in the rehabilitation group worked more - also as 
a volunteer - in comparison to the control group, is probably due to the 
influence of the rehabilitation team on the working circumstances of the 
patient. Through contacts with company doctors and vocational counsellors 
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it was sometimes possible to arrange another job within the same company 
or in another firm, in which the patient was at the least possible risk 
to get in contact with stimuli that could increase the bronchial hyperre-
sponsiveness or with allergic stimuli that could provoke Immunological 
reactions. The fact that the average number of working days assessed as a 
mean of the whole group, increased in the rehabilitation group is perhaps 
caused by the above-mentioned changes in working conditions. A more active 
life after rehabilitation possibly motivated 4 patients of the rehabilita-
tion group to start voluntary work. 
Consumption of medical care expressed in visits to the general practi-
tioner and days of hospitalization decreased after rehabilitation, but did 
also decrease in the control group. The reason for the latter is unknown. 
Reduction in days of hospitalization gives a great net cost saving. This 
beneficial effect is also reported by other studies (Hudson et al. 1976; 
Dunham et al. 1984; De Florio et al. 1980). The frequency at which the ge-
neral practitioner is consulted possibly decreased in both groups because 
of the fact that the patients participating in the present study got some 
extra attention from the chest physician in this respect. 
The use of pulmonary medication did not decrease after pulmonary reha-
bilitation. This is fully in accordance with the fact that pulmonary func-
tion does not improve in the long term and also with the fact that hyper-
responsiveness of the bronchial tree does not change after rehabilitation. 
In general medical practice it is often disappointing for the patients that 
after rehabilitation still the same amount of drugs has to be used. Pa-
tients often start a rehabilitation programme with the idea to overcome 
their disease and to lower the need for pulmonary drugs. To prevent decep-
tion afterwards the patients have to be informed about this before starting 
the programme. 
The smoking habits improved In the rehabilitation group. Four out of 10 
patients quitted smoking, whereas in the control group nothing changed at 
all. The results are in accordance with the results of other studies. Fi-
sher and Rost (1986) report a success rate of 29% after one year, with an 
intensive intervention treatment with group therapy and nicotine gum. 
6.9.1. Long-term effects of pulmonary rehabilitation 
The underlying extensive study with a control group selected as carefully 
as possible pointed out that there was: 
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1. A long-term improvement of endurance as expressed in maximal performance 
in the bicycle ergometer test, the Cooper test and WT ¿ Q. 
2. A long-term improvement of several psychological parameters such as 
well-being, experienced invalidity and displeasure. 
3. A long-term improvement in consumption of medical care expressed in days 
at home and hospital admission days because of pulmonary problems. 
4. A long-term improvement of attitude towards a more active way of life, 
expressed in cycling more frequently, more activities in leisure time and 
more working days. 
5. A long-term improvement of coordination, jumping power, and muscle 
force. 
6. A long-term improvement of smoking habits. 
7. A long-term decrease in body fat. 
Pulmonary rehabilitation has no effect on: 
1. Hyperresponsiveness of the bronchial tree, determined by PC^g histamine. 
2. Coughing complaints and sputum production. 
3. Need for pulmonary drugs. 
4. Thorax and thigh circumferences. 
Pulmonary rehabilitation has a transient effect on: 
1. Pulmonary obstruction, expressed in FEV, (L. % pred.). 
2. FIVj (L, measured). 
3. VC (L, % pred.) . 
4. Dyspnoea, allergy and hyperresponsiveness scores. 
5. Body mass . 
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CHAPTER 7. 
RELATIONSHIP BETWEEN SYMPTOMS, PHYSICAL PERFORMANCE 
AND PSYCHOSOCIAL PARAMETERS 

7.1. INTRODUCTION 
A lot of people with obstructive lung diseases are disabled In dally life 
and are severely psychologically affected (Agle et al. 197 3; McSweeney et 
al. 1982; Light et al. 1985). They find themselves In a vicious circle (see 
also Chapter 2). Hypoactivity, exercise Incapacity, depression and anxiety 
play an important role in this circle. An increase in consumption of medi-
cal care and a decrease in every-day activities with social Isolation are 
the results. Fear of dyspnoea and a transient or chronic feeling of dys-
pnoea whether or not in combination with exercise are mostly the inducing 
factors to get into this circle. 
The aim of the present chapter is to investigate the relations between 
the baseline values of psychological parameters, hospitalization days and 
days at home because of dyspnoea, working days, cycling habits, experienced 
daily workload, leisure time activities and dyspnoea score (- dependent va-
riables) and the baseline values of pulmonary function tests, maximal bi-
cycle performance, Cooper- and coordination test (" independent variables), 
to consider In this way the relations within the theoretical vicious circle 
In which the patients find themselves when they enter the study. 
The reason to choose pulmonary function tests, maximal bicycle performance, 
Cooper and coordination tests as Independent variables is the fact that 
these parameters are clinically well examined and well reproducible mea-
surements which can easily be performed with patients in practice, with 
little effort of laboratory personnel. 
The above-mentioned dependent variables were chosen because of the fact 
that they were changing after rehabilitation, as described in chapter 6 
(and were thus of clinical interest). However, outside a test-setting In 
daily clinical practice they could be measured much less easily. 
The relation between the changes in the dependent and Independent varia-
bles mentioned above, are investigated. Thus, it becomes possible to relate 
the changes found in the questionnaires with those found in the blometrlcal 
measurements. To assess these relations, multiple linear regression selec-
tion techniques were used. 
7.2. METHODS 
Multiple linear regression selection techniques were used to find the best 
model In predicting the dependent variables. To achieve uniformity, for-
ward, backward and stepwise techniques were used. These three selection 
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techniques are applied In order to judge how the resulting model depends on 
the statistical technique. The described techniques mentioned above were 
used on the values at the start of the study and on the change In values at 
the measurement point 12 months after the start of the study. The changes 
between these measurement points were chosen because of the fact that all 
the parameters to be examined were measured at these two measurement 
points, and also by the fact that most changes after rehabilitation were 
still present at the measurement point 12 months after the start of the 
study. 
In the multiple linear regression selection techniques for well-being 
and experienced Invalidity, the following independent variables were cho­
sen: FEVi (% pred.), VC^max, WT Д Q, Wmax, Cooper test and coordination. 
For the analysis In which hospitalization days as well as days at home 
because of dyspnoea, working days per week, cycling habits, experienced 
dally workload, leisure time activities and dyspnoea score were the depen­
dent variables, the psychological parameters well-being and experienced 
Invalidity were added to the Independent variables mentioned above. 
Using multiple linear regression selection techniques reduces the number 
of cases "due to Incidental missings". This Is prevented by leaving out In­
adequate variables. 
To obtain more Insight Into the relevance of the model found and the In­
terrelationships of the variables, the correlation matrix Is also presen­
ted. 
7.3. RESULTS 
The correlation matrix of the baseline values Is presented In table 7.1. To 
analyse the results of all these relations It Is appropriate to use multi­
ple selection techniques. Considering the above-mentioned correlation ma­
trix It can be remarked that W L a =^ Q and coordination Induce a notable re­
duction In the number of cases (see number of observations In table 7.1). 
Preliminary analysis revealed that W L a_^ g and coordination never were of a 
significant influence. Therefore both variables were discarded from the set 
of independent variables. 
The best model found from the several selection techniques was assessed 
on all available measurements to achieve a case reduction as small as pos­
sible. Furthermore, the near best models from the backward method were used 
separately to find the best model in predicting the dependent variable in 
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Table 7.1. Correlation matrix at baseline. 
Well-e+b Exp. 
being inval. 
Уе11-а+Ь 
being (87) 
Inva- -0.62** 
lidity (87) (87) 
Hosp.a -0.11 0.07 
days (83) (83) 
Home -0.22 0.36*** 
days (82) (82) 
Work 0.05 -0.13 
days (85) (85) 
Cyd- 0.27* -0.25* 
Ing (86) (86) 
Work- -0.41** 0.19 
load (60) (60) 
Leisure 0.36***-0.19 
activ. (84) (84) 
Dye- -0.58*** 0.49*** 
pnoea (87) (87) 
FEV,1· 0.18 -0.13 
Χ pred. (87) (87) 
Щтах -0.05 -0.28** 
(84) (84) 
W L e 0.13 -0.30* 
-Ï.0 (63) (63) 
Wmax 0.09 -0.37*** 
(85) (85) 
Cooper 0.13 -0.48*** 
(86) (86) 
Coordi- 0.23* -0.30** 
nation (76) (76) 
Hoep.* Home Work Cycl- Work Leisure Dys-
days days days ing load activ. pnoea 
(83) 
0.25* 
(81) (82) 
-0.19 -0.43*** 
(82) (80) (85) 
-0.14 -0.12 0.06 
(82) (81) (84) (86) 
-0.10 0.19 -0.20 -0.04 
(56) (57) (58) (60) (60) 
-0.11 -0.15 0.05 0.36***-0.11 
(80) (79) (82) (84) (58) (84) 
-0.03 0.24* -0.00 -0.13 0.17 0.25* 
(83) (82) (85) (86) (60) (84) (87) 
-0.12 -0.06 -0.08 0.09 0.15 0.05 -0.22* 
(83) (82) (85) (86) (60) (84) (87) 
-0.10 -0.17 0.17 0.30** 0.15 0.00 -0.11 
(80) (78) (82) (83) (58) (81) (84) 
-0.11 -0.11 0.17 0.31* 0.16 0.16 -0.17 
(61) (60) (62) (63) (42) (61) (63) 
-0.11 -0.22* 0.23* 0.32** 0.11 0.05 -0.25* 
(81) (80) (83) (84) (59) (82) (85) 
-0.07 -0.20 0.20 0.30** 0.16 0.04 -0.23* 
(82) (81) (84) (85) (59) (83) (86) 
-0.06 -0.24* 0.00 0.18 0.07 0.11 -0.27* 
(73) (72) (74) (75) (52) (73) (76) 
FEVj1" V02 W,a Wmax Cooper Coord i-
max. "4.0 nation 
(87) 
0.05 
(84) (84) 
0.15 0.71*** 
(63) (63) (63) 
0.09 0.91*** 0.79*** 
(85) (84) (63) (85) 
0.07 0.71*** 0.62*** 0.68*** 
(86) (83) (63) (84) (86) 
0.06 0.40*** 0.28* 0.34** 0.47*** 
(76) (73) (56) (74) (76) (76) 
"Dependent variables (Hospitalization days to dyspnoea); -Independent variables (FEV, to coordination). a "Dependent as 
well as independent variables (Well-being and Experienced invalidity). The numbers of observations are presented between 
brackets. * p<0.05; ** p<0.01; *** p<0.001. 
question. This never led to a different model in which Independent varia­
bles added a significant contribution in explaining the dependent variable. 
The results of the multiple linear regression selection techniques on 
the baseline values are presented in Table 7.II. 
Well-being related best with physical performance in the maximal bicycle 
ergometer test while experienced invalidity related best with a combination 
of maximal bicycle ergometer test and Cooper test. Days at home because of 
dyspnoea, experienced dally workload and dally leisure time activities 
related best with psychological parameters. Cycling and dyspnoea score re-
Table 7.II. Results of the multiple regression selection techniques on the 
baseline values. 
Dependent 
variable 
Well-
being 
Exp. 
inval. 
Hoep. 
days 
Days at 
home 
Working 
days 
Cycling 
Exp.dally 
workload 
Leisure 
actlv. 
Dyspnoea 
score 
η 
84 
83 
83 
82 
84 
83 
60 
84 
85 
R2 
0.10 
0.28 
-
0.13 
-
0.17 
0.17 
0.13 
0.36 
Explaining Regression 
variables coefficient 
V02max 
Wmax 
V02max 
Wmax 
Cooper 
-
Exp. inval. 
-
VOnmax 
Well-being 
Well-being 
Well-being 
Wmax 
Well-being 
- 0.11 
0.13 
0.07 
- 0.07 
- 0.50 
-
0.76 
-
0.01 
0.03 
- 0.06 
0.04 
- 0.01 
- 0.20 
SE regr. 
coeff. 
0.04 
0.04 
0.03 
0.03 
0.14 
-
0.22 
-
0.00 
0.01 
0.02 
0.01 
0.01 
0.03 
P-value 
** 
** 
* 
*** 
-
*** 
-
** 
* 
•* 
AAA 
* 
*** 
Corrected 
P-value+ 
* 
* 
** 
** 
-
* 
* 
*• 
** 
*** 
* p«0.05; ** p<0.01; *** p<0.001. 
+
 According to Bonferroni (Miller 1981). 
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Table 7.III. Correlation matrix of the changes in parameters from baseline to 12 months later on. 
Well_a+b Ε χ ρ ι 
being inval. 
Well-a+b 
being (81) 
Exp. -0.43*** 
inval. (81) (81) 
Hoep.0 -0.24* -0.02 
days (77) (77) 
Home -0.12 0.10 
days (76) (76) 
Work 0.17 -0.14 
days (77) (77) 
Cycl- 0.13 -0.23* 
ing (77) (77) 
Work- -0.27 0.09 
load (41) (41) 
Leisure 0.19 -0.37** 
activ. (75) (75) 
Dys- -0.29** 0.25* 
pnoea (81) (81) 
FEV,1» 0.03 -0.08 
X pred. (72) (72) 
V02max 0.12 -0.15 
(78) (78) 
HL
a
=4 0 0 · 2 5 -0.34* 
L a 4
·
0
 (49) (49) 
Wmax 0.15 -0.28* 
(79) (79) 
Cooper 0.05 -0.11 
(67) (67) 
Coordi- 0.02 -0.03 
nation (62) (62) 
Hosp.a Home Work Cycl- Work Leisure Dys-
days days days ing load activ. pnoea 
(82) 
0.21 
(80) (81) 
-0.10 -0.15 
(75) (73) (78) 
-0.15 0.01 -0.03 
(73) (72) (73) 
0.09 0.06 -0.11 0.15 
(38) (38) (39) (41) (41) 
-0.09 -0.24* 0.14 0.16 -0.10 
(72) (71) (71) (75) (39) (75) 
0.02 0.07 0.15 -0.30** 0.18 -0.22 
(78) (77) (77) (77) (41) (35) (82) 
-0.09 -0.08 0.10 0.11 -0.11 0.12 0.02 
(69) (68) (69) (68)) (35) (66) (72) 
-0.02 -0.10 0.06 0.30** -0.17 0.09 -0.25* 
(76) (75) (74) (75) (39) (73) (79) 
-0.11 0.00 0.20 0.24 -0.21 0.12 -0.14 
(50) (49) (47) (48) (25) (46) (50) 
-0.00 -0.17 0.14 0.34** -0.14 0.13 -0.17 
(77) (76) (75) (76) (40) (74) (80) 
-0.18 -0.34** 0.01 0.23 0.09 0.17 -0.32** 
(64) (63) (63) (64) (36) (62) (68) 
0.13 -0.06 -0.06 -0.07 0.29 0.23 0.00 
(59) (58) (58) (59) (34) (51) (62) 
FEV1
b
 *0 2 т а Wmax Coo- Coor-
max. =4.0 per dlnation 
(74) 
0.18 
(72) (81) 
0.22 0.50*** 
(48) (52) (52) 
0.21 0.75*** 0.57*** 
(73) (81) (52) (82) 
0.17 0.34** 0.31* 0.32** 
(62) (66) (45) (67) (60) 
0.10 0.03 0.16 0.08 0.09 
(58) (60) (41) (61) (57) (62) 
=Dependent variables (Hospitalization days to dyspnoea); -Independent variables (FEVi to coordination). a -Dependent as 
well as independent variables (Well-being and Experienced invalidity). The numbers of observations are presented between 
brackets. * p<0.05; ** p<0.01; *** p<0.001. 
lated best with a combination of physical performance (VO^max a n^ ^max r e~ 
spectively) and psychological parameters (well-being). 
With regard to the correlations within the group of dependent variables, 
well-being correlated significantly with experienced invalidity (-0.62), 
cycling habits (0.27), workload (-0.41), leisure time activities (0.36) and 
dyspnoea score (-0.58). Experienced invalidity correlated significantly 
with days at home because of dyspnoea (0.36), cycling habits (-0.25) and 
dyspnoea score (0.49). Days at home because of dyspnoea correlated signi­
ficantly with working days (-0.43), dyspnoea score (0.24) and hospitaliza­
tion days because of dyspnoea (0.25). Leisure time activities correlated 
significantly with cycling habits (0.36) and dyspnoea score (0.25). 
With regard to the correlations within the group of independent varia­
bles all correlations were significant except for FEV,. 
Furthermore, there were also a number of additional significant correla­
tions between the dependent and independent variables: experienced invali­
dity and WT Λ Q (-0.30) and coordination (-0.30); days at home and Wmax 
(-0.22) and coordination (-0.24); cycling habits and experienced invalidity 
(-0.25), W L a = 4 0 (0.31), Wmax (0.32) and Cooper test result (0.30); dys­
pnoea score and experienced invalidity (0.49); FEV, (-0.22), Cooper test 
(-0.23) and coordination (-0.27) (see table 7.1). 
Considering the correlation matrix for the changes in values at the mea­
surement point after 12 months in comparison to baseline values (table 
7.Ill) reveals that again a notable data reduction is induced by WL ^ Q 
and coordination. For the same reason as mentioned before, these variables 
were left out of the further analysis. In addition the same steps in handl­
ing the multiple linear regression selection techniques were taken to come 
to the models presented in table 7.IV. 
Multiple linear regression selection techniques on the changes from 
baseline to 12 months later on pointed out that changes in daily leisure 
activities and hospitalization days related best with the changes in the 
psychological parameters, while the changes in experienced invalidity and 
cycling habits related best with physical performance in the maximal bicy­
cle ergometer test. Days at home because of dyspnoea related best with the 
Cooper test. Dyspnoea score is best predicted by both maximal physical per­
formance and psychological parameters (experienced invalidity) (Table 
7.IV). 
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Table 7.IV. Results of multiple regression selection techniques on the 
changes from baseline to 12 months later on. 
Dependent 
variable 
Well-
being 
Exp. In­
validity 
Hospitali­
zation days 
Days at 
home 
Working 
days 
Cycling 
Exp. dally 
workload 
Leisure 
activities 
η 
78 
79 
77 
63 
77 
76 
41 
75 
R2 
0.08 
0.06 
0.12 
-
0.12 
-
0.13 
Explaining Regression 
variables coefficient 
Wmax -0.06 
Well-being -0.25 
Cooper test -0.76 
-
Wmax 0.01 
-
Exp. Inval. -0.05 
SE regr. 
coeff. 
0.02 
0.12 
0.27 
-
0.00 
-
0.02 
P- Corrected 
value P-value 
* 
* 
** * 
-
** * 
** ** 
Dyspnoea 64 0.24 Exp. Inval. 0.12 0.04 * 
score VOjmax -0.03 0.01 * 
Wmax 0.03 0.01 * 
Cooper test -0.12 0.05 * 
* ρ·<0.05·, ** p<0.01; *** p<0.001. 
+
 According to Bonferronl (Miller 1981) 
To Interpret the relevance of the models found, It Is helpful to consi­
der the correlations as presented in Table 7.III. 
When the correlations within the group of dependent variables are consi­
dered, there Is a significant correlation between experienced Invalidity 
and well-being (-0.43), cycling habits (-0.23), leisure time activities 
(-0.37) and dyspnoea score (0.25). Days at home because of dyspnoea corre­
lated significantly with leisure time activities (-0.24), and hospitaliza­
tion days because of dyspnoea correlated significantly with well-being 
(-0.24) and the dyspnoea score correlated significantly with cycling ha­
bits (-0.30) and with well-being (-0.29). 
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When the correlations within the group of independent variables are con­
sidered (table 7.Ill), it appears that the changes in physical performance 
tests like the Cooper test, VO^max, Wmax and W, ι Q correlate best. 
With regard to the correlations between dependent and independent varia­
bles there was a significant correlation between experienced invalidity and 
Wattage at W L a ^ Q (-0.34) and Wmax (-0.28). Thus an alternative model for 
experienced invalidity could be a model with Wr ¿ Q as an Independent 
variable. Cycling habits correlated significantly with í^max (0.30) and 
Wmax (0.34). Thus V02max could be an alternative, explaining variable for 
cycling habits. 
7.4. DISCUSSION 
A change In pulmonary function expressed in FEV, % pred. was never a signi-
ficant, explaining variable for the investigated dependent variables, and 
moreover correlations with FEV, (% pred.) were never significant, except 
for dyspnoea score. This is in accordance with the results from the litera-
ture that relationships between pulmonary function, exercise capacity and 
functional state or quality of life in general are weak. (Eaton et al. 1982; 
Molema et al. 1989). This is particularly true during interventions such as 
pulmonary rehabilitation programmes (Guyatt et al. 1987). 
As described in Chapter 6 a lot of parameters, psychological as well as 
physical performance and consumption of medical care, improved after a re-
habilitation intervention programme. The Improvement In experienced inva-
lidity correlated significantly with an improvement in maximal performance 
in the bicycle ergometer test. The increase in leisure time activities cor-
related best with a lower score for experienced invalidity in psychological 
questionnaires. 
Regarding the correlation matrix of the changes In parameters from base-
line to 12 months later, it may be observed that except the strong corre-
lations between the physical endurance parameters mutually, there was also 
a significant correlation between an improvement in physical performance 
and a decrease in experienced invalidity, days at home because of dyspnoea, 
and sura dyspnoea score. This physical endurance improvement also signifi-
cantly correlated with an increase in cycling habits. When the dyspnoea sum 
score decreased, well-being and cycling habits Increased, and experienced 
invalidity decreased significantly. A smaller number of hospitalization 
days correlated significantly with a higher degree of well-being and the 
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Increase in cycling frequency correlated significantly with a decrease in 
experienced invalidity. So the above-mentioned correlation matrix shows 
an interaction, for example, between an improving physical endurance and 
increasing well-being and a decreasing sense of disability. 
The question if a physical improvement introduces an improvement in the 
psychological parameter or vice versa, cannot be solved by this study, 
since in our rehabilitation programme physical endurance training as well 
as psychotherapy and educational aspects were involved. On the other hand, 
taking the vicious circle in mind, this question is not appropriate because 
of the fact that all factors are influencing each other and physical and 
psychological problems often coexist and interact in an additive or multi-
plicative fashion in these chronic patients (Dudley et al. 1980). 
Howland et al. (1986) concluded that education programmes for pulmonary 
patients are unlikely to improve a patient's state of health, unless they 
are part of a comprehensive medical programme, which includes physical re-
conditioning. Agle et al. (1973) wonder whether the technique of gradually 
increasing exercise in the presence of medical personnel inadvertently 
functioned as a desensitizing form of behaviour therapy. 
Dudley et al. (1980) related the success of rehabilitation not only to 
the treatment of physical aspects in the disease, but also to the improve-
ment of the individual's agility to live and cope with the disease. 
On the basis of the results of this study we agree with Agle et al. that 
at least seven factors in a comprehensive rehabilitation programme can pro-
duce an improved psychological state and a better physical performance: 
- Progressive exercise leading to a decrease in unrealistic fear of activi-
ty and dyspnoea. 
- Education in self-care leading to increased autonomy in the control of 
symp toms. 
- Staff attitudes that the patient is worth the effort. 
- The setting of realistic goals leading to improvement in self-esteem. 
- Monthly follow-up in order to consolidate gains. 
- Mutual support by group interaction. 
- All those factors within the patient that lead to strong motivation. 
It appears not to be realistic to attribute the gains to address speci-
fic parte of the given rehabilitation programme. The complexity of patient 
problems as a result of the described co-existence, interaction and multi-
plication between physical and psychological problems in fact is the moti-
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vation of giving the extended multidlscipllnary treatment as mentioned 
above. 
At the start of the study it may be observed that in baseline values 
quite strong correlations are found between experienced invalidity and phy­
sical performance parameters such as VOoraax, WT л Q, Wmax, Cooper test, 
and coordination test. Furthermore, people who stayed at home for many days 
because of dyspnoea scored low in Umax and coordination test, and people 
who had inactive cycling habits in daily life had a low score in the bicy­
cle ergometer test and Cooper test. Generally speaking, people with a high 
dyspnoea score had a lower FEV, (% pred.) and a lower score in the bicycle 
ergometer test, Cooper and coordination tests. 
In view of what has been mentioned above, it cannot be pointed out which 
parameter is inducing the other. Fact is that except the sum dyspnoea 
score, no parameters are correlated with FEV, (% pred.). The fact that pa­
tients got into a vicious circle because of their disease is clear and un­
derstandable, but not acceptable for pulmonary reasons. It is our task to 
teach them by means of a comprehensive pulmonary rehabilitation programme 
how to live and to cope with their disease, and thus to get out of the vi­
cious circle. Of special value in this context seems Dudley's remark (1980) 
that the earlier the disease is detected, the greater the potential to slow 
down the disease process through a comprehensive care programme. 
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CHAPTER 8 
SUMMARY AND CONCLUSIONS 
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SUMMARY 
Increasingly, rehabilitation programmes are used as a treatment of pa-
tients who, in spite of accepted therapy, are faced with complex problems 
that are connected with their lung disease. Pulmonary rehabilitation is 
defined as a form of medical therapy in which every individual patient 
gets his own specially adapted, multidisciplinary treatment. The aims are 
to reduce complaints, functional limitations and psychological and social 
consequences of the pulmonary disease. 
A pulmonary rehabilitation programme includes accurate diagnostics, op-
timization of the medical therapy, physical exercises and training, physi-
cal therapy and education. 
Many studies dealing with such a treatment of asthma and chronic ob-
structive pulmonary disease (COPD) only describe a small group of patients 
with a short follow-up. Hardly ever is there a control group and mostly 
there is not a proper survey of the duration and the intensity of the re-
habilitation programme offered. These limitations make comparing the va-
rious studies and generalizing the effects of short- and long-term pulmo-
nary rehabilitation difficult and often even impossible. Because of all 
these shortcomings the present study was made. The duration, contents and 
intensity of the programme were measured and recorded as accurately as 
possible and the short- and long-term effects of the programme on a great 
number of parameters were compared with the development of those parame-
ters in a control group that was as well matched as possible. 
In Chapter 1 the above-mentioned reasons for starting this study are ex-
plained in greater detail and also some other aspects that were studied 
are discussed. Some test methods were evaluated on their utility and re-
liability. In view of the fact that physical training forms a significant 
part of the programme, the effects on muscle functions and condition were 
determined accurately. 
Determining conditional changes in patients before and after pulmonary 
rehabilitation by means of bicycle ergometer testing, during which arte-
rial blood is sampled for blood gas analysis, is rather time-consuming and 
patient-unfriendly. Therefore a method was sought to determine conditional 
changes by means of expiratory gas analysis instead of the determination 
of arterial lactate concentrations. 
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In Chapter 2 a survey Is given of the literature concerning the training 
and rehabilitation of patients with chronic obstructive pulmonary dis-
eases. 
Several test methods to determine the endurance of the body are com-
pared. Bicycle ergometer testing appears to have the greatest reproducibi-
lity and the lowest habituation effects. 
During training the patient may get complaints of exercise-Induced 
asthma; this phenomenon and its treatment are discussed. Hardly ever does 
exercise-induced asthma appear to be an obstacle to following a rehabili-
tation programme. 
It is described why rehabilitation is necessary for many lung patients. 
Because of fear and ignorance with respect to their disease, many patients 
appear to have a very low level of activities and as a result of that a 
bad physical condition, a bad coordination and a low level of suppleness. 
However, It is not only patients who show this fear and ignorance, but ve-
ry often especially also relatives or other persons who have to do a lot 
with the patient. The patients are also often very tense and tend to hy-
perventilate. Because of the fact that they do not take part in activities 
and sports they often get socially isolated and become increasingly frust-
rated. In practice, it appears to be very difficult for patients to come 
to activities from this situation all by themselves. They get into a down-
ward spiral, which becomes evident from an increase in the consumption of 
medical care. In that case a pulmonary rehabilitation programme under the 
supervision of a multidisciplinary team seems to be indicated. 
Furthermore, in Chapter 2 it is also pointed out how Important it is to 
subdivide patients with chronic obstructive pulmonary disease Into two 
groups: patients who run a risk in certain forms of training and those who 
do not. Patients who do not have a ventilatory limitation during an ini-
tial maximal bicycle ergometer test, conducted before the start of the 
treatment, may train their physical condition without any restrictions un-
til they have reached a new maximum. Exacerbations of the pulmonary dis-
ease should be prevented, as they may cause a transient ventilatory limi-
tation during exercise. A regular lung function check-up of every indivi-
dual patient by means of a peakflow meter is therefore indicated. It 
should also be realized that as a result of training a patient may Improve 
to such an extent that the patient reaches a new maximum, in which case a 
ventilatory limitation may be reached. In patients with a ventilatory li-
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mitatlon hypercapnia or hypoxia will occur during that exercise. This may 
be accompanied by arrhythmia and heart failure. 
Patients with a diffusion disorder due to either an affected alveolar-
capillary membrane or a deficient completely diffusing surface as a result 
of destruction of the alveolar structure, also suffer from hypoxia during 
exercise. In contrast to those patients who only have a ventilatory limi-
tation, they have a normocapnia in the arterial blood during exercise. It 
is evident that also in the latter group of patients prudence is called 
for in endurance training. It Is a serious misunderstanding that in pa-
tients with a contra-indication against endurance training every form of 
rehabilitation would be impossible. Exercises to improve suppleness, 
skills and coordination, breathing exercises and training of the respira-
tory muscles can often benefit the patient very much. 
As far as training patients with emphysema is concerned, it may be sta-
ted that very often endurance training is impossible just because of a 
ventilatory limitation or diffusion disorders. If this is not the case, as 
it may sometimes happen in patients with the so-called flaccid lung syn-
drome, it is not yet known if heavy forms of endurance training may lead 
to a more rapid Increase of the compliance of the lung. 
Indications and exclusion criteria for following the pulmonary rehabilita-
tion programme are given in Chapter 3. The selection criteria for admis-
sion to the control group are also discussed, and it is explained why a 
control group was composed in this way. Forty-four patients were admitted 
to the rehabilitation group, while the control group consisted of 43 per-
sons who were comparable as for pulmonary disorder, age, gender, Quetelet 
index, use of pulmonary drugs and education level. 
In this chapter data concerning anthropometry, lung function, use of 
medication and education are also presented. 
The study design and method of Investigation are described in Chapter 4. 
Five times within a period of two years the patients in the rehabilitation 
group were put through a number of tests and had to fill in question-
naires, while the patients In the control group had to undergo the same 
programme four times within the same period. Anthropometrical measure-
ments, lung function determinations, maximal bicycle ergometer tests, the 
Cooper test, muscular force tests and tests of skills, suppleness and co-
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ordination were performed at every measurement point. Furthermore, the pa-
tients were asked to fill In a number of questionnaires with respect to 
complaints concerning their disease, consumption of medical care, days at 
home because of their disease, smoking habits and dally activities. All 
patients were also asked to fill In a psychological questionnaire at every 
measurement point. 
The method of data processing and analysing Is discussed In Chapter 4. 
Differences between the groups at the start of the study and the changes 
In parameters on measurement points during follow-up In comparison to 
baseline values are analysed by co-variance analysis. In this model a cor-
rection Is made for the severity of the pulmonary disease, age, gender, 
body mass, Quetelet Index, and maximal load reached In the bicycle ergo-
meter test. Means and standard errors are assessed by means of the least 
squares method. Changes In the rehabilitation group at the measurement 
point 3 months after the start of the study were assessed by the "paired 
t-test". 
The reproducibility of the bicycle ergometer test used is also des-
cribed In Chapter 4. It appeared to have a high reproducibility; there 
were no habituation or learning effects. 
Chapter 4 also gives an account of the method by which it was tried to 
determine the anaerobic threshold In a non-invasive way. This study showed 
that by means of ventilatory parameters it is very difficult to determine 
the anaerobic threshold in patients with an obstructive pulmonary disease 
in a non-Invasive way. It does not appear to be necessary, though, to de-
termine the lactate concentration in the arterial blood. The decrease in 
Base Excess is comparable to the Increase in lactate concentration. 
The results of the study of the reliability and validity of the psycho-
logical test used are also described in this chapter. For this purpose 
Erdman's Medical Psychological Questionnaire for Heart Patients (MPQH) was 
used. In consultation with Erdman, two items were explicitly adapted to 
lung patients and the name of the test was changed into the Medical Psy-
chological Questionnaire for Lung patients (MPQL). The conclusion of the 
study is that the MPQL can be used for recording psychological parameters 
in patients with an obstructive pulmonary disease, especially where the 
scales of Well-being, Experienced Invalidity and Displeasure are con-
cerned. The scale of Social Inhibition does not show the expected corre-
lation with the various variables that were Investigated. 
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The set-up and duration of the rehabilitation programme, as It has been 
given to lung patients In the Dekkerswald Medical Centre for 18 years now, 
are described in Chapter 5. 
The programme lasts three months all in all and every week it takes 38 
hours to work through it according to schedule. Sports and games are pro-
grammed for about 4 to 5 hours a day. The training part consists of team 
sports (volleyball, football), individual sports (tennis, badminton), 
swimming, Cooper test, walking, cycling (on bicycle ergometers, but also 
outdoors), exercises of skill, coordination exercises and relaxation exer-
cises. 
Furthermore, a lot of time within the programme is reserved for infor-
mation with regard to the disease and how patients can learn to cope with 
it. This happens, among other things, by giving information about the ef-
fects and side-effects of drugs, the risks of smoking, air pollution and 
contact with allergens, and also by teaching patients how to divide their 
energies and how to deal with the ventilatory reserves. Also within the 
programme individual attention is paid to psychosocial counselling. 
The multldisciplinary counselling team consists of a chest physician, a 
psychologist, a social worker, a nurse, physiotherapists and kinesiothera-
pists. 
Chapter 5 also gives an account of a study - performed by means of the 
Sporttester PE 3000 S - of the duration and intensity of the rehabilita-
tion programme given. Both the duration and intensity of the programme ap-
peared to be amply sufficient to come to a real improvement of the aerobic 
energy-providing system. Measuring the heart rate during exercises by 
means of the Sporttester PE 3000 S appeared to be an efficient method in 
practice. Only in 1 per mille of the total time measured did a failure 
occur. 
Chapter 6 describes the results of the investigation of the rehabilitation 
group compared to those of the control group. It appears that pulmonary 
rehabilitation provides a long-term Improvement in endurance, which be-
comes evident from an increased maximal capacity during a bicycle ergome-
te r test and Cooper test. Psychological parameters such as Well-being, Ex-
perienced Invalidity and Displeasure appear to Improve for a long period 
of time after pulmonary rehabilitation. The consumption of medical care, 
expressed in days at home because of airway and/or lung problems and days 
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in hospital because of dyspnoea, decreases significantly. Then it also ap-
pears that the attitude to daily activities improves. After the pulmonary 
rehabilitation more patients become active in their leisure time and the 
number of days they work increases significantly on average. 
Important physical characteristics such as coordination, jumping power 
and muscular force improved considerably. The body-fat percentage de-
creased, while the weight remained constant. Last, but not least, there 
was a significant improvement in smoking habits: 40 per cent of the pa-
tients quitted smoking. 
Pulmonary rehabilitation does not have any effect on bronchial hyper-
responsiveness. Complaints of coughing and sputum production appeared not 
to diminish and the necessary amount of pulmonary medication remained un-
changed . 
Pulmonary rehabilitation has a transient positive effect on the degree 
of pulmonary obstruction. FEV,, as an important standard for that, impro-
ved during pulmonary rehabilitation. Two years after the start of the pul-
monary rehabilitation, however, this improvement had disappeared again. 
The vital capacity showed exactly the same development. FIV, also improved 
until the measurement point 1 year after the start of the rehabilitation. 
The latter is probably caused by improved muscular force. Scores concern-
ing dyspnoea complaints, allergy and hyperresponsiveness improved during 
reactivation. After the pulmonary rehabilitation these improvements soon 
disappeared. At the measurement point 6 months after the start of the stu-
dy only the dyspnoea score was still significantly better than at the 
start of the study. 
The correlation between the various parameters and the correlation between 
the changes found at the measurement point 12 months after the start of 
the study are presented in Chapter 7. In the vicious circle in which 
many asthma and COPD patients find themselves, inactivity, having a bad 
physical endurance, fear and feelings of frustration and depression play 
an important part. An increase in the consumption of medical care and a 
decrease in activities in leisure time resulting in social isolation, of-
ten are the consequences. Fear of dyspnoea and/or real dyspnoea, either in 
combination with exercise or not, is often the reason that patients end up 
In this vicious circle. 
It appeared that at the start of the study there was a rather strong 
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correlation Indeed between experienced invalidity and physical capacity, 
as measured during a maximal bicycle ergometer test and Cooper test. Also 
patients who stayed at home for many days because of dyspnoea complaints 
and those who were not used to taking the bicycle, scored less high in the 
physical performance tests. The idea that patients remain in a vicious 
circle because of their bad lung function, appears not to be correct. For 
all the psychological and physical improvements and also the improvements 
in the consumption of medical care, for example, are not correlated with 
changes in that lung function. 
Therefore, the importance of a treatment by means of a multldiscipli-
nary pulmonary rehabilitation programme is to show the patients what they 
can still perform and to teach them how to live and how to cope with their 
disease, thus to lead a life as normal and fulfilling as possible. 
It was concluded in chapter 2 that properly standardized investigations 
were necessary, including a control group, in order to establish the exact 
effects of pulmonary rehabilitation in patients with an obstructive lung 
disease. 
The underlying study, in which these demands were met as much as pos-
sible, including a carefully selected control group, leads to the follow-
ing results: 
CONCLUSIONS 
1. Pulmonary rehabilitation has a long-term beneficial effect on endu-
rance, several psychological parameters, consumption of medical care, 
attitude towards the way of life, skills and coordination, smoking ha-
bits and body fat percentage. 
2. Pulmonary rehabilitation has a transient beneficial effect on pulmonary 
obstruction expressed in FEV^ (% pred.), on FIV, (measured), the scores 
of dyspnoea, allergy and hyperresponsiveness and on body mass. 
3. Pulmonary rehabilitation has no beneficial effect on the hyperresponsi-
veness of the bronchial tree, coughing complaints, sputum production, 
need for pulmonary drugs and thorax and thigh circumference. 
4. All beniflcial effects of pulmonary rehabilitation are not correlated 
with the changes in lung function values. 
5. With regard to the determination of the endurance capacity of the body 
it appears that bicycle ergometer testing has a great reproducibility 
and only few habituation effects. 
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6. It is very difficult to interpret ventilation exercise parameters such 
as R, VE/VO2 and VE/VCOn in terms of anaerobic threshold in patients 
with obstructive lung diseases. 
7. In recording psychological parameters In patients with obstructive lung 
diseases the Medical Psychological Questionnaire for Lung patients 
(MPQL) appears to be reliable and valid. 
8. Both the duration and the intensity of the rehabilitation programme as 
given in our clinic, appears to be amply sufficient to come to a real 
improvement of the aerobic energy-providing system. 
9. Measuring the heart rate during exercise by means of the Sporttester PE 
3000 S appears to be an efficient method In practice, with no Inconve-
nience to the patient and a very low interruption of data transmission 
even during swimming. 
10.Pulmonary rehabilitation causes a great number of improvements. Part of 
It can be retained during a longer period of time, such as the capacity 
to perform well physically. The development in the course of time shows 
that a follow-up programme is necessary to retain the beneficial ef-
fects in the long term. 
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SAMENVATTING EN CONCLUSIES 
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SAMENVATTING 
Revalidatie programma's worden steeds vaker toegepast als behandeling van 
patiënten die ondanks de gangbare therapie te maken krijgen met complexe 
problematiek in samenhang met hun longlijden. Longrevalidatie wordt gede-
finieerd als een vorm van medische behandeling waarbij sprake is van een 
per individu aangepaste, multidisciplinaire benadering. De doelstellingen 
zijn het verminderen van klachten, functionele beperkingen en psychologi-
sche en sociale gevolgen van de longziekte. 
Een longrevalidatie-programma omvat accurate diagnostiek, optimalisa-
tie van de medische therapie, lichamelijke oefeningen en training, fysi-
sche therapie en educatie. 
Veel studies over een dergelijke behandeling bij astma en chronisch ob-
structief longlijden (-COPD-Chronic Obstructive Pulmonary Disease) be-
schrijven slechts een kleine groep van patiënten met een korte follow-up. 
Een controlegroep ontbreekt vrijwel altijd en meestal is er geen goede 
inventarisatie gemaakt van de duur en de intensiteit van het aangeboden 
reactiveringsprogramma. Vanwege deze beperkingen wordt het vergelijken 
van verschillende studies en het generaliseren van de effecten van long-
revalidatie op korte en lange termijn moeilijk en vaak zelfs onmogelijk. 
Vanwege al deze tekortkomingen werd de onderhavige studie verricht. De 
duur, inhoud en intensiteit van het programma werden zo exact mogelijk 
gemeten en vastgelegd, en de effecten van het programma op korte en lange 
termijn op een groot aantal somatische en psychosociale parameters werd 
bestudeerd in vergelijking met het beloop van die parameters in een zo 
goed mogelijk gematchte controlegroep. 
In Hoofdstuk 1 worden bovenvermelde redenen voor het starten van deze stu-
die meer uitgebreid uiteengezet en worden enkele andere facetten besproken 
die werden bestudeerd. Testmethodes werden geëvalueerd op bruikbaarheid en 
betrouwbaarheid. Gezien het feit dat lichamelijke training een belangrijk 
onderdeel van het programma vormt, werden de effecten op spierfuncties en 
conditie nauwkeurig vastgesteld. 
Het meten van conditionele veranderingen bij patiënten vóór en ná long-
revalidatie door middel van fietsergoraetrisch onderzoek met afname van ar-
terieel bloed voor bloedgasanalyse, is tijdrovend en patiëntonvriendelijk. 
Daarom werd gezocht naar een methode om conditionele veranderingen te be-
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palen met behulp van ultademlngs-gasanalyse In plaats van de bepaling van 
arterlële lactaatconcentratles. 
In Hoofdstuk 2 wordt een overzicht gegeven van de literatuur over het 
trainen en revalideren van patiënten met een obstructief longlijden. 
Verschillende testmethoden ter bepaling van het uithoudingsvermogen 
worden tegen elkaar afgezet. Fietsergometrlsche testmethoden blijken de 
grootste reproduceerbaarheid en laagste gewenningseffecten te hebben. 
Tijdens training kan de patiënt klachten krijgen van inspanningsastma; 
dit fenomeen en de behandeling daarvan worden besproken. Het blijkt dat in-
spanningsastma bijna nooit een belemmering hoeft te zijn voor het volgen 
van een revalidatleprogramma. 
De noodzaak voor het revalideren bij veel longpatiënten wordt beschre-
ven. Veel patiënten blijken ten gevolge van angst en onwetendheid met be-
trekking tot hun ziekte een zeer laag activiteitenniveau te hebben en ten 
gevolge daarvan een slechte lichamelijke conditie, een slecht coördinatie-
vermogen en een lage graad van lenigheid. Deze angst en onwetendheid zijn 
vaak niet alleen bij patiënten aanwezig, maar juist ook bij familieleden of 
andere personen die veel met de patiënt te maken hebben. Vaak ook zijn de 
patiënten erg gespannen en neigen tot hyperventilatie. Door het niet deel-
nemen aan activiteiten en sport komen ze vaak in een sociaal isolement en 
raken ze hoe langer hoe meer gefrustreerd. Het blijkt in de praktijk erg 
moeilijk te zijn om vanuit deze situatie zelf tot activiteiten te komen. 
Patiënten raken in een neerwaartse spiraal hetgeen blijkt uit een toename 
in medische consumptie. Een revaliderende behandeling onder begeleiding van 
een multidisciplinair team lijkt dan geïndiceerd. 
Verder wordt in hoofdstuk 2 gewezen op het belang van het onderverdelen 
van patiënten met een obstructief longlijden in twee groepen: zij die een 
risico lopen bij bepaalde trainingsvormen en zij die dat risico niet lopen. 
Patiënten die geen ventilatoire beperking hebben bij een maximale fiets-
test, afgenomen voor de start van de behandeling, kunnen ongelimiteerd con-
ditioneel getraind worden tot aan een nieuw maximum. Gewaakt dient te wor-
den voor exacerbaties van het longlijden die een voorbijgaande ventilatoire 
beperking bij inspanning kunnen veroorzaken. Regelmatige controle van de 
individuele longfunctie met behulp van peakflow meters is dan ook geïndi-
ceerd. Verder dient men zich te realiseren dat ten gevolge van training een 
patiënt dusdanig kan verbeteren dat deze een nieuw maximum bereikt, waarbij 
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hij dan wel ventllatolr beperkt kan zijn. Bij patiënten met een ventlla-
tolre beperking zal een hypercapnle en hypoxic optreden tijdens die Inspan-
ning. Dit kan gepaard gaan met hartritmestoornissen en decompensatle van de 
rechter ventrikel. 
Patiënten met een dlffusleprobleem op basis van een aantasting van de 
alveolo-caplllalre membraan danwei als een gevolg van een tekortschietend 
totaal diffunderend oppervlak ten gevolge van destructie van de alvéolaire 
structuur, hebben bij Inspanning eveneens een hypoxic. In tegenstelling tot 
de alleen ventllatolr beperkten hebben zij een normocapnle In het arterleel 
bloed tijdens Inspanning. Het Is duidelijk dat ook bij de laatstbeschreven 
groep van patiënten voorzichtigheid zal moeten worden betracht bij het ge-
ven van duurtraining. 
Het is een ernstig misverstand te denken dat bij patiënten met een con-
tra-indicatie voor duurtraining iedere vorm van revalidatie onmogelijk zou 
zijn. Oefeningen ter verbetering van lenigheid, behendigheid en coördina-
tie, ontspanningsoefeningen, ademhalingsoefeningen en het trainen van adem-
halingsspieren kunnen vaak veel baat geven aan de patiënt. 
Wat het trainen van patiënten met emfyseem betreft, kan gesteld worden 
dat conditietraining op basis van een ventllatoire beperking of diffusie-
problematiek vaak al onmogelijk is. Is dit niet het geval, zoals dat soms 
kan optreden bij het zogenaamde syndroom van de slappe long, dan is nog on-
voldoende bekend of zware duurtraining kan leiden tot een versnelde toename 
van de compliantie van de long. 
Indicaties en uitsluitlngscriteria voor het volgen van het longrevalidatie-
programma worden gegeven in Hoofdstuk 3. Ook worden de selectiecriteria be-
sproken voor toelating tot de controlegroep en wordt uitgelegd waarom op 
deze wijze een controlegroep werd samengesteld. 44 Patiënten werden opgeno-
men in de revalldatlegroep, de controlegroep bestond uit 43 personen die 
vergelijkbaar waren qua longaandoening, leeftijd, geslacht, Quetelet index, 
medicatlegebruik en opleidingsniveau. 
Gegevens betreffende anthropométrie, longfunctie, medicijngebruik en op-
leiding van de beide groepen patiënten worden gepresenteerd. 
De studie-opzet en de methode van onderzoek wordt beschreven in Hoofdstuk 
4. De patiënten in de revalldatlegroep werden in een periode van 2 jaar 
vijf maal, en de patiënten in de controlegroep vier maal, onderworpen aan 
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een aantal testen en vragenlijsten. Op leder meetpunt werden anthropome-
trische metingen, longfunctiebepallngen, maximale fietsergometrietesten, 
Coopertest, spierkracht tes ten en behendigheid, lenigheid en coördinatie-
testen verricht. Verder werd gevraagd een aantal vragenlijsten in te vul-
len met betrekking tot klachten aangaande hun ziekte, medische consumptie, 
ziekteverzuim, rookgedrag, en dagelijkse activiteiten. Ook werd aan alle 
patiënten gevraagd op ieder meetpunt een psychologische vragenlijst in te 
vullen. 
De wijze waarop de data statistisch werden geanalyseerd, wordt beschre-
ven in hoofdstuk 4. De verschillen tussen de groepen bij het begin van de 
studie en de veranderingen van de parameters op de meetpunten gedurende de 
follow-up ten opzichte van de beginwaarde zijn geanalyseerd met een co-
var iantie-analyse. Hierin is gecorrigeerd voor de mate van ernst van het 
longlijden, persoonselgenschappen zoals leeftijd, geslacht, gewicht, Que-
telet-index en maximaal wattage behaald bij de fletsergometrietest. De ge-
middelden en standaarddeviaties per groep zijn geschat met een bij de co-
variantie-analyse behorende kleinste kwadraten methode. De verandering van 
de longrevalidatiegroep na 3 maanden werd getoetst met een gepaarde t-
toets. 
Ook wordt in hoofstuk 4 de reproduceerbaarheid van de gebruikte flets-
ergometrietest beschreven. Deze bleek een hoge reproduceerbaarheid te heb-
ben; er waren geen gewennings- of leereffecten. 
Hoofdstuk 4 doet tevens verslag van de wijze waarop getracht werd de an-
aerobe drempel op een niet-invasieve manier te bepalen. Deze studie leerde 
dat het met behulp van ventilatolre parameters moeilijk is om de anaerobe 
drempel bij patiënten met een obstructief longlijden op een nlet-invasieve 
manier te bepalen. Het blijkt ook in deze groep van patiënten niet noodza-
kelijk te zijn om melkzuur in het arterieel bloed te bepalen. De daling in 
Base Excess is vergelijkbaar met de stijging in melkzuur concentratie. 
De resultaten van de studie naar de betrouwbaarheid en validiteit van 
de gebruikte psychologische test wordt tevens in dit hoofdstuk beschreven. 
Als test werd de Medisch Psychologische Vragenlijst bij Hartpatiënten 
(MPVH) van R. Erdman gebruikt. In overleg met Erdman werden twee items ex-
pliciet voor longpatiënten aangepast, en werd de naam van de psychologische 
test veranderd in Medisch Psychologische Vragenlijst voor Longpatiënten 
(MPVL). De conclusie van de studie is dat deze vragenlijst bruikbaar Is 
voor het vastleggen van psychologische parameters bij patiënten met een 
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obstructief longlijden. Met name waar het de schalen Welbevinden, Invali-
di teitsbeleven en Ontstemming betreft. De schaal Sociale Geremdheid ver-
toont niet de verwachte samenhang met de diverse onderzochte variabelen. 
De opzet en de duur van het reactlvatleprogramma wordt beschreven in 
Hoofdstuk 5. 
Het programma duurt in totaal 3 maanden; per week wordt 38 uur volgens 
schema gewerkt. Het programma bestaat ca. A à 5 uur per dag uit sport en 
spel. Het trainingsgedeelte bestaat uit sporten in groepsverband (volley-
bal, voetbal), individuele sport (tennis, badminton), zwemmen, Coopertest, 
wandelen, fietsen (op fletsergometers, maar ook buiten), behendigheidsoe-
feningen, coördinatie-oefeningen en ontspanningsoefeningen. 
Verder wordt binnen het programma veel tijd ingeruimd voor voorlichting 
met betrekking tot de ziekte en hoe men er mee om kan leren gaan. Dit ge-
beurt o.a. door het geven van informatie over de werking en bijwerking van 
medicamenten, het gevaar van roken, luchtvervuiling en contact met aller-
genen. Patiënten wordt geleerd hoe men zijn krachten kan verdelen en hoe 
men dient om te gaan met ventilatoire reserves. Ook wordt binnen het pro-
gramma individueel aandacht besteed aan psychosociale begeleiding van de 
patiënt. 
Het begeleidende multidisciplinaire team bestaat uit een longarts, psy-
choloog, maatschappelijk werkende, verpleegkundige, fysiotherapeuten en 
beweg ingsagogen. 
Verder doet hoofdstuk 5 verslag van een studie met behulp van de Sport-
tester PE 3000 S naar de duur en intensiteit van het gegeven revalidatie-
programma. Zowel duur als intensiteit bleken ruimschoots aanwezig te zijn 
om te komen tot een verbetering van het aëroob energie leverende systeem. 
Het meten van de hartslag tijdens inspanning met de Sporttester PE 3000 S 
bleek in de praktijk een goed werkende methode te zijn. Er trad slechts in 
1 promille van de totaal gemeten tijd een storing op. 
Hoofdstuk 6 beschrijft de onderzoeksresultaten van de revalldatlegroep in 
vergelijking met de controlegroep. Het blijkt dat longrevalidatie een 
langdurige verbetering geeft van het uithoudingsvermogen, hetgeen o.a. 
blijkt uit een toegenomen maximaal prestatievermogen bij een fietsergome-
trietest en de Cooper test. Psychologische parameters zoals Welzijn, In-
vallditeitsbeleven en Ontstemming blijken langdurig te verbeteren na 
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longrevalldatle. De medische consumptie uitgedrukt In thuisdagen wegens 
luchtweg- en/of longproblemen en opnamedagen In een ziekenhuis wegens dys-
pnoe nemen significant af. Verder bleek dat de attitude ten opzichte van de 
dagelijkse activiteiten verbeterde. Meer patiënten werden na de longrevall-
datle actief in hun vrije tijd en het aantal dagen dat men werkte nam sig-
nificant toe. 
Belangrijke lichaamskwaliteiten zoals coördinatie, sprongkracht en 
spierkracht verbeterden significant. Het lichaams-vetpercentage daalde bij 
een gelijkblijvend gewicht. Last but not least was er een belangrijke ver-
betering in rookgedrag: 40% van de patiënten stopte met roken. 
Longrevalldatle heeft geen effect op bronchiale hyperreactiviteit. 
Klachten van hoesten en sputumproductie bleken niet te dalen en de beno-
digde hoeveelheid medicijnen bleef ongewijzigd. 
Longrevalldatle heeft een voorbijgaand positief effect op de mate van 
pulmonale obstructie. De FEV^, als belangrijke maat daarvoor, verbeterde 
tijdens longrevalldatle. Twee jaar na de start van de longrevalldatle was 
deze verbetering echter weer verdwenen. De vitale capaciteit toonde het-
zelfde beloop in de tijd. De FIVi verbeterde eveneens tot het meetpunt 1 
jaar na de start van de revalidatie. Het laatste is waarschijnlijk een ge-
volg van verbetering van spierkracht van de inademingsspieren. Klachten van 
kortademigheid, allergie en hyperreactiviteit verbeterden tijdens revalida-
tie. Na de longrevalldatle waren alle verbeteringen snel verdwenen. Alleen 
de dyspnoescore was op het meettijdstip 6 maanden na de start van de studie 
nog significant beter dan bij het begin van de studie. 
De relatie tussen de verschillende parameters bij de start van de studie en 
de relatie tussen gevonden veranderingen op het tijdstip 12 maanden na het 
begin van de studie wordt gepresenteerd in hoofdstuk 7. In de vicieuze cir-
kel waarin veel astma en COPD patiënten verkeren, spelen inactiviteit, het 
hebben van een slechte lichamelijke conditie, angst, frustatie- en depres-
sie-gevoelens een grote rol. Toename van medische consumptie en afname in 
activiteiten in de vrije tijd met een sociale isolatie is hiervan vaak het 
gevolg. Angst voor kortademigheid en/of een reële kortademigheid al of 
niet als gevolg van inspanning, is vaak de reden dat patiënten in deze 
cirkel terecht komen. 
Het bleek dat bij aanvang van de studie een vrij sterke correlatie aan-
wezig was tussen invalidité!tsbeleving en fysiek prestatievermogen, gerae-
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ten bij een maximale fletsergometrietest en Cooper test. Ook patiënten die 
veel dagen thuis bleven vanwege kortademigheidsklachten en zij die niet de 
gewoonte hadden om de fiets te nemen, scoorden slechter bij de fysieke 
prestatietesten. De gedachte dat patiënten in een vicieuze cirkel blijven 
vanwege hun slechte longfunctie, blijkt niet terecht te zijn. Het blijkt 
namelijk dat alle verbeteringen zowel psychisch, fysiek als wat betreft 
medische consumptie, niet correleren met veranderingen in die longfunc-
tie. 
Het belang van een multidisciplinaire longrevalldatle behandeling is om 
de patiënten te leren wat ze nog kunnen presteren en ze te leren hoe ze 
dienen te leven en om dienen te gaan met hun ziekte, om zodoende te komen 
tot een zo normaal en volwaardig mogelijk leven. 
Hoofdstuk 2 werd afgesloten met de opmerking dat goed gestandaardiseerd on-
derzoek, inclusief een controlegroep, noodzakelijk was om de exacte resul-
taten van longrevalldatie-programma's vast te stellen. De huidige studie, 
waarin zoveel mogelijk voldaan werd aan de eisen, inclusief een zorgvuldig 
geselecteerde controlegroep, leverde de volgende resultaten op: 
CONCLUSIES 
1. Longrevalldatle geeft een langdurige verbetering van het uithoudings-
vermogen, verschillende psychologische parameters, medische consumptie, 
houding ten opzichte van de ziekte, behendigheid en coördinatie, rookge-
woonten en het vetpercentage. 
2. Longrevalldatle geeft een voorbijgaande verbetering van de obstructie 
van de luchtwegen, uitgedrukt in FEV. (% van de voorspelde waarde), 
FIVj (gemeten) en dyspnoe, allergie en hyperreactiviteitsscores. 
3. Longrevalldatle geeft geen verbetering van de hyperreactiviteit van de 
luchtwegen, hoestklachten, sputum productie en pulmonale medicatiebe-
hoefte. 
4. Alle positieve effecten van longrevalldatle bleken niet significant ge-
correleerd te zijn met veranderingen in longfunctiewaarden. 
5. Wat betreft de bepaling van het uithoudingsvermogen blijkt fietsergome-
trisch onderzoek, ook bij patiënten met een obstructief longlijden, een 
grote reproduceerbaarheid te hebben met weinig gewenningseffecten. 
6. Het blijkt erg moeilijk te zijn om bij patiënten met een obstructieve 
-169-
longziekte de anaerobe drempel te bepalen met ventllatoire parameters, 
zoals R, VE/VO2 en VE/VC02. 
7. Voor het bepalen van psychologische parameters bij patiënten met een ob-
structief longlijden, blijkt de medisch-psychologische vragenlijst voor 
longpatiënten (MPVL) een betrouwbaar en valide meetinstrument te zijn. 
8. Zowel de duur als de intensiteit van het longrevalldatleprograiiuna zoals 
dat in onze kliniek wordt gegeven, blijken ruimschoots voldoende te zijn 
om te komen tot een verbetering van het aeroob-energieleverende sys-
teem. 
9. Voor het meten van de hartfrequentie tijdens inspanning blijkt de Sport-
tester PE 3000 S een effectief meetinstrument te zijn met weinig ongemak 
voor de patiënt en een zeer lage storing in de data transmissie. 
Dit laatste geldt zelfs tijdens zwemmen. 
lO.Longrevalldatle veroorzaakt een groot aantal verbeteringen. Een deel 
hiervan blijft gedurende langere tijd bestaan, zoals het vermogen fy-
sieke prestaties te leveren. Het beloop In de tijd maakt duidelijk dat 
een nazorg-programma noodzakelijk is om de gunstige effecten op de lange 
termijn te handhaven. 
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als een vriend met woord en daad terzijde stond bij de fletsproeven en 
krachtmetIngen. 
Dr. R.A.M. Erdman, psycholoog in het Academisch Ziekenhuis te Rotter-
dam, wil ik danken voor het overleg en de verkregen informatie met betrek-
king tot de te gebruiken psychologische testmethode. 
Waardevolle gegevens over het opzetten van de krachtmetingen en het me-
ten van de tralningsintensiteit van het longrevalidatle-programma werden 
gegeven door Jan Vos, inspanningsfysioloog. De krachtmetingen werden nauw-
gezet uitgevoerd door Elly Berkeljon van de afdeling fysiotherapie (hoofd: 
P. Ellazer). 
Hans Folgering had een belangrijk aandeel In de hoofdstukken 2 en 
4.3.3. Verder was hij een competent en Immer geïnteresseerd aanspreekpunt. 
In het kader van zijn wetenschappelijke stage leverde Pascal Wielders 
een essentiële bijdrage aan het tot standkomen van hoofdstuk 5.3. 
De medewerkere van het klinisch-chemisch laboratorium (hoofd: mw. E. 
Labout) en van het longfunctielaboratorium (hoofd: dr. H. Folgering) van 
het Medisch Centrum Dekkerswald dank Ik voor het verrichten van de vele 
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extra bepalingen. Met name wil ik graag noemen Bregina Kersten en André 
Heymans, die nooit hun hulpbereidheid en goede humeur verloren, ook niet 
als er weer eens iets tussendoor moest of als er een patiënt te vroeg of te 
laat was. 
De tekening op de omslag en de figuren werden met grote deskundigheid 
en nauwgezetheid gemaakt door John Dalman en Albert ReintJes. De figuren 
werden gefotografeerd door Han Luikens (afd. medische fotografie). 
Mevrouw Wil Pors-van Dam ben ik zeer erkentelijk voor het geduld en de 
bekwaamheid, waarmee zij de steeds nieuwe, zogenaamde "laatste versie" op 
haar tekstverwerker invoerde en de manier waarop zij qua vormgeving mee-
dacht . 
Johan Lummen dank ik voor de deskundige en plezierige manier waarop hij 
mij adviseerde met betrekking tot het juiste gebruik van de Engelse taal. 
Verder wil ik iedereen die ten gevolge van dit onderzoek een ongevraagde 
toename in workload kreeg, mijn dank betonen. Dit geldt voor de collegae 
specialisten, maar ook voor de mensen van de telefooncentrale en de recep-
tionistes van de polikliniek. 
Mijn ouders die nooit nalieten hun kinderen te stimuleren en die bereid 
waren zichzelf veel te ontzeggen om 5 kinderen te kunnen laten studeren, 
ben ik veel dank verschuldigd. 
Ook dank ik jou, Ine. Je was en bent een echte kameraad. Je was één van 
de weinigen die ondanks je drukke baan en de kinderen nooit vroeg wanneer 
het nu eindelijk eens klaar was. Waarschijnlijk omdat je wist hoe weinig 
vrije tijd ons de laatste jaren restte. 
Tenslotte dank ik allen die anderszins aan de totstandkoming van dit 
proefschrift hebben bijgedragen. 
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CURRICULUM VITAE 
De auteur van dit proefschrift werd op 13 augustus 1954 geboren te 
Belfeld. 
Hij bezocht het St. Thomascollege te Venlo. In 1971 behaalde hij het 
eindexamen HBS-B en startte hij met de studie Geneeskunde aan de Katho-
lieke Universiteit Nijmegen. In 1979 werd het arts-examen behaald en 
startte hij met de specialisatie Interne Geneeskunde in de Kliniek voor 
Inwendige Ziekten van de Katholieke Universiteit Nijmegen (hoofd des-
tijds: prof. dr. C.L.H. Majoorf; vanaf 01/01/1980: prof. dr. A. van 't 
Laar). 
In januari 1982 werd gekozen voor de specialisatie in de Longziekten 
en Tuberculose In het Universitair Longcentrum Nijmegen, Medisch Centrum 
Dekkerswald te Groesbeek (hoofd destijds: prof. C.M. Jongerius). Op 1 
januari 1985 volgde inschrijving in het speclallstenreglster. Sindsdien 
is hij als staflid verbonden aan het Universitair Longcentrum Nijmegen, 
bestaande uit de afdelingen longziekten van het Medisch Centrum Dekkers-
wald te Groesbeek en de afdeling longziekten van het Academisch Zieken-
huis Nijmegen (hoofd: prof. dr. C.L.A. van Herwaarden). 
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